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Industrial 
Single Board PC 


The AMC-350A comes equipped with a 
80386SX-40 or 80486SLC-33 CPU. Also 
included are two serial RS-232 ports, a bi- 
directional parallel port, an IDE hard disk drive 
interface (which controls up to two hard disk 
drives), and a watchdog timer. The watchdog 
timer ensures that the CPU will be reset if it 
stops due to a program or EMI probiem, 
allowing the AMC-350A to be used in stand- 
alone systems or unmanned environments. 
With its industrial grade reliability, the AMC- 
350A can operate continuously at up to 140°F 
(60°C) temperatures. 

The AMC-350A is specifically designed as a 
compact all-in-one CPU card which 
incorporates a PC/104 connector into its 
design, making non-passive backplane 
applications possible. The 4-layer CPU card 
turns any system into a 16-bit 386 compatible 
computer. Its highly compact form and 
numerous features make it an ideal 
cost/performance solution for high-end 
commercial and industrial applications where 
CPU speed and mean-time-to-repair are 
critical. In addition, its all-in-one configuration 
frees up valuable expansion slots. Built using 
CMOS technology, the AMC-350A consumes 
very little power. 

The AMC-350A provides 4 SIMM (Single In- 
Line Memory Module) sockets for its on-board 
system DRAM. Each socket accepts one 256KB 
1MB or 4MB SIMM. Total on-board memory 
can be configured from 1MB up to 16MB. 
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(Carr [Batic Ay Booster Charger 


The latest in car products from Maplin Electronics is the Car Battery 
Booster/Charger. Costing £39.99, it is a high quality, powerful battery charger 
which supplies a useful 15A charge and is also capable of providing a short 
boost charge or even starting a car. 

The compact charger will prove a useful tool to anyone who uses 
machinery, such as the building and farming industries, or the motor trade. It 
will also prove valuable to most car owners in winter 
when engines and batteries are cold and indifferent 
towards starting - thanks to its ability to supply a healthy 
12V 100A boost for up to 5 seconds. 

The charger is housed in a robust case with a built-in 
handle and can be wall-mounted. Two sturdy leads, 
terminating in heavy-duty crocodile clips, carry the 
charge to the battery. Built-in overload protection is 
provided and reset with a push switch. 


For further information, 
telephone (01702) 552911. 


MQP Electronics has announced support for many more devices in their 
range of production devices programming equipment. 

Support is now available for the full range of microcontrollers from several 
leading manufacturers. The microcontrollers can typically be programmed 8 at 
a time, at very high speeds. Manufacturers supported include Motorola with 
their 6BHC705 and 6BHC711 series and NEC with the popular 75P and 78P 
series. A gang module is also available for the SGS-Thomson ST6 family. 

This year, for the first time, MQP also offers gang programming of FLASH 
SIMM modules, up to 128Mbit and beyond, as well as in the PCMCIA format. 

Another recent addition to the S2000 gang programming system is a 
single site universal programming module. This makes the system arguably 
the most versatile production programming system available, 

MOP Electronics provides programming solutions for both development 
and high volume production. All MQP programmers offer comprehensive PC 
software support, with batch controlled modes to automatically deal with the 
special 
programming 
options required 
by users and 
converters are 
available to deal i 
with all package i 
vanants. 


For further details, 


contact MQP on 
01666 825146. 
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or the past 17 years, a North London electrical 
engineer and computer programmer, Joe Michael, 
has had a dream - a dream which started when 
he was still a student, a dream to design and 
build the world's first shape-changing robot. 

The shape-changing robot idea was initially conceived as 
some way of moving atoms and molecules to create new 
types of matter, but as a student of biochemistry he quickly 
realised that such a technique was either impossible or, at 
best, extremely difficult to implement. It was then that he hit 
on the idea of using a fractal-like system of small interlocking 
cubes that can slide over each other and, in so doing, form 
any desired shape. 

In pursuit of this idea, he studied electrical engineering and 
computing, spending most of his time and money working on 


aN ae OI aa < a ed the idea and developing it to a stage where he could 
ange := [ : | i hd | . l f | demonstrate its practicality. After years of work, and the 
I [ Y | he | expenditure of over £35,000 in securing world-wide patents, 
— i ie <3 [ ee ee his dream will become a reality when the first prototype units 
+ ( _ a | | are completed in early 1996. 
| 1 de” 


The concept developed by Joe Michael is already attracting 
considerable interest from a variety of disciplines from all around 
the world. Indeed, at a recent nuclear industry exhibition in 
Lyons, France, his modest stand was visited by over 150 


at | | ‘a LL : tr < T° | leading engineers, most of whom were highly impressed, and 
C j l fr i i: | a [| | now eagerly await the first practical demonstration. 
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The concept Ly 
Most people are now familiar with fractals, a mathematical 
concept which many mathematicians naw, agrée lies’ behind 
the structure of many living organisms, rocks, crystals, ete. In 
fact, crystals are a very good way of rife thinking about Joe 
Michael's shape-changing robots; how trystaline structures 
can grow and change shape as a result of new érystals i 
growing onto the surface of existing onés, ery 

In a similar way, a fractal shape-changing-rokot:is capable 
of changing shape and, in so doing. mimicking any machines 
or physical structure. This is because at any size, from nano 
technology dimensions to thousands of cubic metres, the 
basic cubic units fram which such robots are built can be 
made to form any desired shape and, with the addition of 
special tool/sensor units, any functionality. 

Fractal robots are thus built out of identical copies of 
motorised robotic cubes. These can move relative to each 
other under computer control to implement shape-changing 
functions. Cubes are interlinked by electrical and data contacts 
to route electric power and data signals from neighbouring 
robotic cubes (any one or more of which may contain a power 
source and/or the source of the computer signals and/or a | | 

connection to the outside world). "Bho 

Their unique symmetrical internal mechanisms allow any 
cube to pick up any other cube, move it around (without 
separating while moving) and lock them together to erect 
semi-permanent structures. As well as locking, the 
symmetrical mechanism can detach cubes allowing faulty 
cubes to be removed, Such cubes would be moved out of the 
structure by another functioning robotic cube and then be 
replaced by an identical mass- prodiiced robotic cube te affect 
self-repair in seconds, no matter how fbad the damage. 

The robotic cubes can also ick and move other objects 
such as palettes, steel girders and rdchine tools provided 
they have simple compatible 45 degree” ‘slots cut into them. 
With electrical contacts inside the slots allowing” aninterface” 
between the robotic cubes, tools can be remotely controlled. 
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~ CUBIC FRAME 


Thus, not only can the robotic cubes move objects and tools 
around a structure but also use them locally to make 
dynamically re-configuring robotic machines. 

The shape-changing properties of the robot can be used to 
erect new structures in minutes along with all necessary heavy 
production tools and interconnecting cables. The shape- 
changing properties of the robot can be used to pick up pre- 
terminated electric, hydraulic and pneumatic cables along their 
mid sections and transport them around in complex paths to 
automatically connect two or more points together. 

This type of system allows pre-packaged, automatic, self- 
repairing factories to be built with no human intervention. Large 
robotic cubes perform heavy tasks while smaller cm-sized 
cubes perform more intricate tasks with greater local access. 
By simple changes of software and production tools, different 
factories can be synthesised allowing huge diversity to be 
achieved with relatively few standard pieces of equipment. 
Indeed, shape-changing robots are, in theory, flexible enough 
to assemble their own factories and build more of themselves! 


Technical concepts 

As a starting point in our examination of this technology, we 
need to define what we mean by a shape-changing robot. The 
following is a brief definition: 

A shape-changing robot is a finite resolution 
electromechanical device that acquires dynamically 
programmed geometric shapes though the use of a computer 
or computers, these shapes being limited only by the minimum 
resolution of the electromechanical mechanism and/or the 
software running on the computer(s). 

As we have already seen, Michael's shape-changing robot 
is built out of a collection of cube-shaped robotic cubes. These 
have electromechanical lacks that connect with neighbouring 
cubes and also enable them to slide with respect to each other 
without detaching. The locks carry power and data between 
the robotic cubes. There are electronic controllers in each 
robotic cube and each such cube has a unique address. The 
robotic cubes attach or detach from each other under 
computer control. Computers located internally inside the 
robotic cubes issue control instructions to the controllers, or 
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Grouping using fractal cube sizes 


relay instructions from an external control computer. 


From this outline we can produce a set of 
specifications for a standard robotic cube; 
they are as follows:- 


1. A robotic cube must be able to receive power from any of 
the six faces. 

2. Power received on one face can be directed to any number 
of faces. Power drains caused by short circuits are limited 
and/or isolated from the rest of the supply, There should be no 
leakage (such as earth leakage). Power is switched between 
faces under computer control. Instructions for power 
management are calculated locally within a cube or received 
externally through the network. 

3. Robotic cubes talk to their neighbours using networking 
ports. The networking port can be either serial or parallel. 
Parallel methods allow greater bandwidth but cost more in 
terms of wiring and hence serial methods are preferred. 

4. The robotic cubes route network signals from one face to 
another under computer control. Short circuits and earth 
leakages are detected and the network cables isolated to avoid 
damaging electronic devices. 

5. There must be a minimum of one master computer holding 
and issuing control messages to robotic cubes. The remaining 
robotic cubes are slaves implemented using a minimal 
controller for receiving and executing movement instructions 
received through the networking ports. The computer can sit 
inside a robotic cube or reside externally and be linked with 
wires or by telemetry. The computer should be able to interrogate 
the status of each robotic cube's controller. Multiple computers 
can be present in a structure and these should co-operate and 
share the loading of the computational task by localising sub 
tasks. Tasks that are inherently parallel should be carried out 
by separate computing centres within the same structure. A 
collection of autonomous robotic cubes must have at least one 
computer with sufficient capabilities to turn into a contro! 
centre for local control and task execution. For large structures 
there should be many such computers to take local control. 

6. Robotic cubes with less than six active faces for power, 
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networking and other features may be present but the 
operating system for the software must be notified of these 
facts so that software can cater to these special conditions. 
Robotic cubes with less than six active faces for power, 
networking and any other conditions described below may be 
present due to defects or other reasons but so long as they 
inform the operating system of the status of each face, the 
software should cater for a vast number of such special cases 
where they are introduced deliberately or through fault 
conditions. 

7. Instructions calculated locally or received through the 
network allow a robotic cube to lock any of its faces to any of 
its six neighbours. The locks should be strong to give rigidity to 
the structures erected. 

8. Robotic cubes sliding past each other under computer 
control should do so without rubbing harshly between faces 
and without separating when they are sliding (separation 
should take place only if requested by the controlling 
computer). Robotic cubes should be able to travel upside 
down as well as scale walls made of other cubes. The sliding 
mechanism should be of a low friction type in 

the direction of the slide. However, it 

should not be slack to avoid 

vibrations and wobble 
when being moved. 
9. Robotic cubes 
should not be 
powered whilst 

being moved. 

This avoids 

having to use 
batteries within the 
cubes to move 

them and/or having 


ELECTRICAL 
CONTACT 


SOLENOID OPERATED ELECTRICAL CONTACT PADS (OPTIONAL) 


activities using a single electrical wire that can be networked 
(that is routed from one cube face to another). This routeable 
synchronising line is vital for large collections of robotic cubes 
to synchronise their collective activities 
16. The locking mechanism locks cubes together. The locking 
mechanism should also be able to lock to dead cubes and to 
robotic cubes which have tools attached or to objects that 
have only the minimum of necessary grooves cut into it. 
17. Robotic cube controllers and/or their computers should 
audit their recent movements so as to enable the operating 
system to recover from simple faults. 
18. Large and small robotic cubes should be allowed in a 
structure to form fractal mechanical structures. This facility 
should be made available as an interface on at least one of the 
larger robotic cubes which is compatible with the smaller scale. 
The computer software should make no distinctions in the 
functions and facilities available and the transition between the 
smaller and larger excepting the physical characteristics such 
as dimension, weight, strength etc. 
19. Robotic cubes should be able to pick up tools with a 
minimal interface between itself and the 
tool. 
20. Tool manufacturers 
should be able to write 
driver software to 
control the tool 
under full 
automation and 
integrate it with 
the operating 
systems 
running the 
robotic cubes 


to use sliding electrical 
contacts that supply 
power to move the cubes, The 
configuration details prior to power 

off should be retained with non-volatile 
memory or by the operating system. The controllers on board 
each robotic cube (if fitted) snould power up into on-line status 
within milliseconds after power is applied. The robotic cube 
electronics should be resilient to frequent loss of power and 
surges on the power line. 

10. Robotic cubes should sense other cubes attached to its 
face and interrogate it using the networking system. Fault 
conditions detected are communicated through interrogation 
and networking. 

41. It should be possible to move a deeply buried robotic 
cube within a structure without having to move the remaining 
robotic cubes. 

12. Robotic cubes should be switched off in the locked 
position if their sole function is to give structural strength 
whether temporary or permanent to save power and avoid 

over heating. 

13. Robotic cube computers and other related equipment 
should ideally run cool. That is, they should not require 
extensive ventilation. (Facilities to erect ventilator ducts should 
be available in software for large and complex structures.) 

14. Robotic cube electronics and electrical circuits must not 
be prone to moisture damage, vibration and radio frequency 

. interference. Electrical connector pads should be designed to 
* Mate in a gas tight join to minimise corrosion defect rates. 

=. 15. Robotic cubes should be able to synchronise their 


/ 
45° MOUNTED LOCKS 


13 


Structure of an active plate 


using an open and 
clearly documented 
set of interfaces. 


The robotic cubes can be thought 

of as optimal space filling atoms that can 
be instructed to move from one place to another under 

computer control. It is the total computer control of shape and 
geometry that allows shape-changing robots to be built. The 
two basic mechanisms for changing geometry are known as 
the normal streamer and the L-streamer and these provide the 
necessary movements to synthesise all known shapes. 

All the cubes can be identical, in other words uni-cellular, 
thus making the manufacturing operation relatively 
straightforward and cheap. Symmetrical uni-cellular cubes with 
the above listed desirable properties, together with the two 
algorithms for moving cubes around, present the smallest 
possible set of atomic concepts that allows a fully functional 
shape-changing robot to be built. 

Of course there have been several kinds of cellular robotics 
systems proposed over the years, including hexagonal 
designs, cellular linkage robots and multi-cellular designs but, 
by and large, these are inefficient systems, since they involve 
more than one kind of cellular robotic component. 


Internal mechanisms 

The internal mechanisms of a robotic cube are extremely 
simple in both construction and operation. Cubes start life as a 
cubic frame to which plates are attached that contain the 
mechanisms. If the cubic frame has one or more active plates 
attached, then it becomes a proper robotic cube, The 
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remaining faces do not have to be fitted with anything. 

The robotic cube can be hollow and in some respects the 
need for a frame is unnecessary if a sufficient number of the 
plates can be bolted together without reducing mechanical 
integrity. Frames can also be fitted with passive plates which 
have no mechanisms. Or they can be fitted with plates that 
have tools attached and, by fitting plates to just five sides, one 
can make it into a hollow bucket to carry materials such as 
parts in a robotic assembly line. 

Each active plate has electromechanical mechanisms to 
push out wedges at a 45 degree angle from its surface. The 
wedges are always operated in opposing pairs using an 
electric motor. Thus the left and right pair of wedges extend 
and retract by the same amount at all times. There are 
electrical contact pads on the wedges for connecting electrical 
signals between one face plate and another.The wedges also 
act as the locking mechanism if all four wedges are inserted 
simultaneously. 

A pair of wedges can insert itself into the face of a 
neighbouring robotic cube for which a perfectly fitting slot has 
been machined at a 45 degree angle. This neighbouring cube, 
with its totally symmetrical and identical mechanism, must have 
its wedge pair retracted in order for this to be possible. The 
slot is machined with a taper to allow the wedges to enter 
without jamming. The slot is carefully machined so that it has a 
ledge on which the wedge can sit. The engineering is such that 
when the wedges are sitting in the slot, there is a separation 
distance between the two faces. This prevents the faces from 
rubbing when they are sliding under computer control. 

To slide a robotic cube under computer control, the wedges 
have serrated edges which engage gear wheels in the 
neighbouring robotic cube. This forms a rack and pinion 
mechanism which allows heavy objects to be moved. To 
increase lifting capability, the gear wheel can be replaced by a 
helical screw to give a better rack and pinion mechanism. 

The serrated edges engage the helical screw and, with 
each turn, move the neighbouring robotic cube by one thread 
length which gives enormous power amplification. Furthermore, 
since the serrations rest on the length of the helical screw, a 
very good weight distribution is achieved across the length of 
the screw. The centre of a robotic cube is mostly empty and 
that could be used to house a very powerful motor for heavy 
lifting.Note that the cube that is being moved does not need 
any power, it is the opposing cube that is moving it through its 
rack and pinion mechanism. 

A robotic cube on the move has only one pair of wedges in 
contact with the helical screw. This means that all four helical 
screws can be connected together to turn at the same time 
using a single motor. This means that, in theory, only three 
motors would be needed per face, of which only one has to be 
powerful enough to operate the helical screws. This is referred 
to as the primary motor. 

Motor count could be cut by installing clutch mechanisms 
etc. and by making the robotic cubes with multiple faces into a 
more compact single mechanism - but that approach would 
only increase engineering complexity and increase field 
reliability problems. The preferred motors for use in these 
robotic cubes are stepper motors or, failing that, brushless 
motors. This increases field reliability as it reduces the 
possibility of brush components failing in use. 

Apart fram micro switches to detect positioning, there are 
no other mechanisms in a robotic cube. This means that the 
mechanical construction of a single robotic cube is far simpler 
than any conventional robot. 


The only other component is a printed circuit board with a 
micro controller with about 1K RAM and 10K ROM: the main 
function of this is to listen to the data signals coming down the 
contacts on the wedges. The power also comes from the 
wedge and so there are power conditioning circuits in the 
printed circuit board. 

Instructions that the robotic cube receives are very simple. 
In a minimal instance, the messages can be ‘are you there?’ 
which then responds with its unique hard coded address, 
‘operate wedges’, ‘operate primary motor’ and 'route power 
and data wires from one face to another’. (By default, power 
and data are not routed from one face to another to avoid 
short circuits dissipating the power and signals and to minimise 
environmental leaks. If leakage is detected, then power is shut 
down straight away from a face, regardless.} 

Of course, a microprocessor could be used with much 
larger RAM, ROM and other computing functionality. This 
would be an overkill for most applications, but it does raise the 
possibility of using a shape-changing robot to create a self- 
repairing, auto-configuring, and potentially very powerful 
parallel computer - given, of course, an operating system 
which could handle such a dynamic parallel architecture. 


Robotic cube movement 

There are two forms of movement, the normal streamer and 
the L-streamer. Streamers are thin rods similar to tentacles that 
grow out of the surface of a shape-changing robot body. 

The normal streamer is a rod-like protrusion which can grow 
out of a surface at right angles to that surface; it is Normal to 
the surface. It is extended, one cube at a time, by attaching a 
cube at the rear of the rod and pushing it out. The L-streamers 
derive their name from the L shape that characterises the tip of 
the streamer. It grows by attaching cubes, one at a time, to the 
front of the streamer. The steps for growing both types of 
streamer can, of course, be reversed to shrink a streamer with 
as much ease as to grow it. 

L-streamers can be grown in any direction and the 
direction of growth can be changed. Once a strearner is 
erected, the rest of the shape-changing robot can travel over 
this streamer with little or no difficulty to re-assemble itself at 
the other end. This is how the shape-changing robot can 
squeeze through narrow entrances to re-assemble itself at the 
other end. 

Instead of moving individual robotic cubes, groups of 
robotic cubes can be clumped together and use the same 
algorithms to achieve the same desired effect. Grouping is an 
important software tool in minimising the flow of instructions in 
a structure. Grouping simply involves, of course, the use of 
fractally larger robotic cubes. 

Normal streamers are used to erect pylons. However, any 
movement in one direction which may get supplemented with 
a filling operation at the base is classified as a normal streamer. 
Reversing the steps will reverse the growth of the streamer. 
These mechanisms can also work with integer multiple 
collections and fractally larger robotic cubes. 

Streaming is a very important attribute of shape-changing 
robots since it essentially allows the robot ‘body' to move by 
flowing like a liquid. This means that like a liquid it can be 
made to flow through small apertures the size of which is 
limited only by the dimensions of individual cubes. This would, for 
example, allow large shape-changing robots to be put in a 
dangerous environment, such as a nuclear reactor 
containment vessel, with only a minimal opening into that 
dangerous environment. 
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Robotic pick-up mechanisms 

By using L-streamers and N-streamers, any structure can be 
erected in an orderly manner with the aid of multiple collections 
and fractally larger robotic cubes. However, that in itself is not 
enough to create large structures or machines. Such structures 
also need the means to move objects which are not robotic 
cubes, as well as having the means to interact with the world 
with the aid of tools sensors etc. 

The robotic cubes can be used to move other objects 
around if they had protruding wedges, as illustrated for a palette 
system. Such wedges are at times difficult to manufacture into 
a product and in those instances we can go a stage further by 
reversing the condition and require the work piece to have slots 
cut into so that a robotic cube can insert its wedges into it to 
pick it up. 


Manufacturing 

Robotic cubes measuring one to three centimetres are 
adequate for the vast majority of operations requiring high 
dexterity to be found in manufacturing. Bearing in mind that 
shape-changing robots are self-repairing, these robotic 
assembly lines would work day and night without stopping, 
producing indisputably high quality products. 

Another advantage of shape-changing robots in production 
assembly work is that they require far less energy to operate. 
Instead of moving a large robotic arm and its entire mass, for 
small movements perhaps only one robotic cube and the 
attached work piece to needs to be moved. For more delicate 
work, even less power is required since smaller fractal robots 
with smaller mass and power consumption can be used. 

Of course the most intriguing attribute of the shape-changing 


Using these techniques, a shape- 
changing robot could install an 
environmental shield around itself using 
plates that have been cut with slots. Or a 


~: robot is that it is capable of making 


copies of itself in a factory made up of 


| itself. In other words it could become 


system of girders with slots cut into them 
that act as structural supports when 
erecting large and complex structures, 
These girders can be used as supports 
when travelling up and down structures 
without stressing the structure. ' 
An important type of special handling 
tool is the turntable, used to re-orient ' 
cubes in different directions. This is 
important because, using normal 
movements, a robot cube cannot change | 
its relative orientation with respect to 
another robotic cube without the aid of a 


Pallet movement mechanism 


| self-replicating. Alternatively, shape- 

| changing robots can take the next 

| step in their own evolution by using 
smaller fractal cubes. 

The smallest components of sub 

millimetre sized robotic cubes could 

be manufactured using the photo 

_ lithographic techniques that are being 

employed at the moment to build 

micro mechanical structures such as 

electric motors that are smaller than a 

pin head. It is then possible that the 

» shape-changing robots can 


| build/maintain and repair these very 
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turntable to rotate it. In an ideal situation, 
there are three separate turntables available to turn the robotic 
cube in any of the three rotational axis. 

Rotation can also be used to switch in different tools 
attached to different faces of a robotic cube. Tools and sensors 
for special purpose applications are fitted with electrical contacts 
identical in specification to that of the wedges so that they are 
compatible with the robotic cubes and their controlling software. 

A shape-changing robot can grip a cable all along its mid 
sections and carry it through complex contours by deforming 
around the obstacles. This cable could be hydraulic, pneumatic, 
electrical or fibre optic. If the cables are pre-terminated, or if 
there are terminating tools available then potentially all 
machinery to be found in a factory floor can be rearranged and 
re-cabled using shape-changing robots. 

Shape-changing robots can also cope with situations where 
cables have to run into a progressively narrowing pipe, or the 
pipe divides into two. Since they are fractal in nature, the 
shape-changing robot simply switches to using smaller 
cubes,or divides into multiple robots using streamers and, if 
necessary, into totally detached walking/crawling machines 
connected by telemetry. 

We have just stated how shape-changing robots can be 
used to move tools around to make a factory. The shape- 
changing robots can also be used to take tools to the work in 
situations where conventional robots cannot possibly operate. 
For example, conventional robots when assembling cars can 
only get so far within the car before they are impeded by the 
doors, the engine etc. But shape-changing robots can switch to 
smaller cubes and enter the work piece using a streamer to, for 
example, tighten up nuts and bolts, tuck in carpeting, connect 
up wiring, test vibrations etc. 


" same photo lithography machines 
(which are large in comparison to the small robotic cubes) to 
make a truly self-sustaining machine system that can 
manufacture, repair and renew all its components including 
itself. This process could be applied even to the electrornicsm - 
after all, they too are produced using photo lithography; all that 
is needed is a source of raw materials. 

The shape-changing robot acts as the glue between all the 
different kinds of tools to be found on the factory floor. The 
configuration of any machine is thus defined by software rather 
than by hardware; this means that increasing production, 
changing the product being made or to making a copy of the 
machine tool or factory, becomes a matter of giving the system 
the correct sequence of commands. 

In the future, not only will the factories that produce shape- 
changing robots and other goods be fully automated, but the 
factory to produce factories of all descriptions would also be 
automated. 


Fault recovery 

In large complex structures, it is not always possible to ensure 
that all cubes are functioning. However, unlike normal machines, 
cubes can repair themselves from almost any kind of isolated 
fault. Any cube that becomes faulty is simply picked up by a 
functioning cube and deposited elsewhere in the structure, or 
ejected altogether. 

When more than one cube becomes faulty in a clump, the 
functioning cubes that are attached to these clumps can detach 
from the faulty part of the structure or, if the clump is small 
enough, move them elsewhere in the structure as before. 
Because cubes are clones, repairs are effected by substituting 
other cubes from a reservoir of spare cubes held elsewhere in 
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the structure. 

This means that to critically damage or destroy a shape- 
changing robot one would have to damage a very high 
percentage of the cubes and/or destroy all the central 
computers and power sources connected to the robotic cubes. 
Since multiple copies of the computers and power sources can 
be carried in a large structure, the possibility of destroying such 
a machine in one blow is therefore remote. 


Applications 
The potential applications for 


inside the reactor complex which could be moved into danger 
areas under operator control to very quickly erect protective 
walls and seal off radioactive areas. 

Shape-changing robots can help in a number of ways inside 
a damaged installation. For example, they could squeeze 
through small holes as streamers and take with them cameras, 
lighting and any other special equipment that can be squeezed 
through the hole. Under operator control, the shape-changing 
robots then install the lighting and cameras for initial monitoring 
of the accident.The robotic cubes can then be used as structural 
supports to prevent further 


shape-changing robot 
technology, especially for 
robots with a very small fractal 
dimension, is enormous. 
Indeed, it would be fair to say 
that there is not a single area 
of human activity which would 
not be affected by the use of 
such systems. In the rest of 
this article we will look at just a 
few of the potential 
applications which have 
already attracted considerable 
interest. 

One area that has already 
attracted a lot of interest is the 
use of shape-changing robots 
to both contain, limit and then 
clear up accidents involving i 
nuclear material, such as the 
disaster at Chernobyl. Intense 
radiation from a nuclear accident can prevent any kind of repair 
work which involves human operators from being undertaken . 
This means that the machinery involved in such operations has 
to be operated remotely, but the problem here is that standard 
remote control equipment, such as robotic rovers, either cannot 
operate in high radiation environments (due to the effect of 
radiation on electronic equipment and signal transmission), in 
confined spaces or on undefined terrain. Shape-changing 
robot,s on the other hand, could in theory be built to overcome 
all these difficulties. 

In a typical nuclear installation, the reactor is never directly 
accessible for servicing or repairs because it is contained in a 
concrete containment dome. This, in turn, is surrounded by 
installation specific buildings that can make access difficult after 
an accident. Indeed, access constraints pose one of the main 
problems in clearing up catastrophic reactor failures. a factor 
which can make it impossible to use conventional systems. 

In the case of a chemical and/or a pressure explosion that 
rips the dome off the reactor and destroys other parts of the 
installation, not only is the reactor damaged but so are buildings 
within the installation. There is debris everywhere and the general 
terrain of the installation remains undefined at all times during the 
emergency. A remotely operated robot has to negotiate this 
terrain, a legged robot could become trapped in the debris, and 
small robots with caterpillar tracks would be of little use. 
Furthermore large robots would not be able to enter the building 
and, even if they did, could cause further damage. 

However, if the installation is fitted with shape-changing 
robots, they can start working seconds after an accident and 
because any system built using robotic cubes is self-repairing it 
will work even if some are damaged by the accident. It is 
envisaged that there would normally be shape-changing robots 
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collapse. 

Conventional equipment can 
malfunction in a highly 
radioactive environment if 

| sensitive electronic 

, «|| components are used. That 

« *1) possibility can be avoided with 
lead shielding. However, 
specialised robotic cubes 
could be constructed that have 
no electronics and instead 
have a mechanical or fluidic 
computer inside it,in many 
ways not dissimilar to an old 
fashioned washing machine 
controller. This is possible 
because the instruction set for 
the robotic cube is very simple. 
Shape-changing robots could 

; also be utilised to minimise the 
effect of other potentially 
disasterous accidents. Even in this modern day and age, there 
are no safety systems for ocean-going liners, ferries, super- 
tankers, aircraft carriers and nuclear-powered ships that can 
prevent a ship from sinking once it starts to take in water. 
Suppose a nuclear power pack is damaged in a nuclear 
powered ship. To contain leaks, it is vital that some kinds of 
systems are still in operation that is, to its best abilities, self- 
repairing and able to contain the leaks regardless of the 
damage. Shape-changing robots are just that - technology that 
can erect new walls, floors, supports and shielding while actively 
repairing itself against damage as an incident develops. 

A similar kind of situation applies when an oil tanker spills its 
load due to ship damage or running aground. The shape- 
changing robots are far cheaper than the repair bill of around a 
billion dollars for a catastrophic oil spill, Shape-changing robots 
with inflatable buoyancy bags can be deployed to encircle the oil 
that has leaked and, significantly, hold it back from drifting so 
that it can be dealt with by emergency measures. This, of 
course, would only happen if the oil leak in the first place could 
not be plugged in time by the shape-changing robots fitted to 
such super tankers. 


a en 


Wedges operating in 
opposing pairs 


Space applications 

Space offers perhaps the biggest range of potential application 
for shape-changing robots. The ability to change shape and 
synthesise physical structures reliably, cheaply with self-repair 
and without human intervention is the most important demand 
made by space-related applications. It is that hurdle which holds 
up a vast majority of projects. Shape-changing robots for space 
is the most significant development that will push space 
research into the next century. To see how all this will come 
about we can look at existing problems and see how shape- 
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changing robots will overcome these. 

Space structures built with shape-changing robots can be 
sent from earth in the form of loose cubes and then be made to 
deform into the desired structures when delivered to their desired 
orbit or planitary location. The launch phase to deploy a shape- 
changing robotic vehicle follows normal procedure. Shape- 
changing robots are packed into every available nook and cranny 
to deliver the maximum payload into space. On deployment of 
the payload, the initial phase of changing shape is the erection of 
the solar panels to supply the necessary energy. 

Shape-changing robot applications go beyond simple 
satellite technology. Exploration probes and landers can be built. 
Complex satellites can be assembled in space using simpler 
docking mechanisms built of more shape-changing robots. They 
can be used in the construction of space stations without taking 
expensive space walks. Absence of gravity allows complex and 
exotic structures to be built very quickly. Each shuttle payload 
can be self-unloaded and left in docking orbits and then all the 
shape -hanging robots can be brought together to quickly make 
the desired structure. 

Such robots can make space travel much safer by repairing 
damaged and faulty systems on the way. They could be 
programmed to crawl about all sorts of nooks and crannies that 
even on a manned mission are not easily accessible and ensure 
that any damaged and faulty systems are repaired for the best 
possible mission outcome. 

Shape-changing robots are ideal for sending to moons and 
planets where their reconfigurability and self-repair capabilities 
would be particularly useful. Indeed, if their first task on landing 
was to form an automatic assembly system to make more 
cubes using locally available materials then it might be possible 
for a base to be built prior to any manned landing without the 
necessity of sending very heavy payloads from Earth. 


Making the cubes smaller 

Further miniaturisation using photolithography could conceivably 
shrink the robotic cubes to micron or even sub-micron 
dimensions. At this size they would still function in an identical 
manner to their larger equivalents, but by being so small would 
open up a whole range of new applications. 

These micron scale cubes would still use the same computer 
software as the larger scales because each cube has a minimal 
controller that obeys the basic instructions to move left, right, 
forward, backward, up, down, attach, detach and return “what’s 
your address”? Anything else that it does not understand is 
ignored or passed on to any tools that may be attached. 


HYDRAULIC EQUIPMENT 


One of the potential applications for such ultra-small shape- 
changing robots would be in medicine. Using cubes of 1 mm 
size and below would allow them to be directly injected into the 
patient and then under control of an external computer perform 
otherwise complicated surgery to remove cancers, cysts, blood 
clots etc. 

Surgical shape-changing robots could squeeze through tiny 
holes no bigger than the largest cube and spread out once it has 
reached the other side which means that it can be used to 
perform pinhole surgery where the robot cuts its way into the 
patient and spreads out inside the body to perform the required 
operation around the affected area. 

Another application area would be in the construction of wafer 
scale electronics where, instead of splitting a silicon wafer into 
large numbers of individual components, they could all be left on 
the same wafer and a miniature shape-changing robot employed 
to configure or reconfigure the interconnection between 
all the components. 

Ultra-small dimension shape-changing robots could also be 
used to build smart materials that could repair themselves in 
case of damage, react in different ways to the external 
environment, change colour, texture, or shape on demand. 
Indeed, as with most aspects of shape-changing robot 
technology the potential range of applications seems limitless. 


Conclusion 

Without a doubt, Joe Michael's development of the concept of 
a shape-changing robot based upon fractal mechanics is both 
intriguing and potentially very useful. However, despite the 
years that the inventor has spent upon the project it is still only 
in the conceptual, wooden block and computer modelling 
stage and, like most engineering projects, there are doubtless 
an enormous number of problems still to be ironed out. 

Many of these problems will doubtless come to light when 
the inventor has completed construction of the first working 
prototype cubes in the next few months. Hopefully, he will then 
be able to give practical demonstrations of how the system will 
work, and now that he has secured world-wide patents, use 
these demonstrations to gain further funding for continued 
development. 

We at ETI think that this is a great idea and wish Joe 
Michael good luck in his pursuit of a dream that could easily 
change the way that we do a great many things. We look 
forward to seeing the prototype and even more eagerly await 
the arrival of the first commercial shape-changing robots. Let’s 
hope we will not have to wait too long! 


Anyone wanting more 
information about shape 
changing robots can 
contact the inventor, Mr. 
Joseph MICHAEL, at: 
E.C.C. Ltd 

23 Portiand Rise 


London N4 2PT. 

United Kingdom. 

Tel: +44 181 800 9914 
Fax: +44 181 800 9915 
Internet E-mail: 
joe@stellar.demon.co.uk 


Robotic cube based assembly system 
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Bar codes are in 
use everywhere, 
even on the 
cover of ETI. 
Here Dr Pei An 
presents a 
project which, 
when attached to 
a computer, will 
allow users to 
read any printed 
bar code 


PC COMPUTER 


| Tl | 


bar cod 
readers 


Ih! 


INTERFACING 
UNIT 


CONNECTED TO THE 
CENTRONIC OR RS232 
PORT OF THE PC 


BAR CODE PEN 


BAR CODE LABEL 


Fig.1, Complete bar code reader (pen-type) system 


ar coding was first developed for use in retail 

application to assist with automatic supermarket 

checkout. Nowadays it is used for many other 

applications, such as the card key entry, 

automatic library checkout, stock logging, video 
recorder settings etc. 


A practical bar code reading system 
consists of four elements: 


(1) It is, of course, no good having a bar code reader without 
a suitable bar code label to read; this consists of white and 
dark bars. 

(2} An optical bar code reader converts the printed bar code 
pattern into electronic signals, 


(3) An amplification/decoding circuit which interprets the 
signals into numbers (from O to 9) or characters (from A to 2). 
(4) An I/O circuit for interfacing to a computer. A complete bar 
code reader system is illustrated in Figure 1. 


Bar code readers 


Bar code readers we see in everyday life have many shapes. 
The most common ones are the hand-held bar code pens 
(also referred to as ‘the wana’), the hand-held bar code guns 
and bar code readers built inside the counter. Although their 
shapes vary, their working principle is the same for most of 
them. Bar code optical readers emit a beam of light which 
creates a tiny light spot on the bar code label. The diameter of 
the spot is smaller than the thinnest bars on the bar code 
(Figure 2), The light reflected from the bar code is detected by 
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Fig.2. Principles of bar code reader 


a photo detector. Because light reflected from a white area is 
different in intensity than that from a dark area , the photo 
detector will respond differently. Therefore, as the bar code 
reader scans across the bar code label, a signal in sympathy 
with the pattern of the bar code is produced (Figure 2). The 
relative movement between the bar code label and the light 
spot is produced either by keeping the bar code label 
stationary while moving the light spot, or by keeping the spot 
stationary while moving the bar code label. 


The bar code pen 
The pen is held by hand and the tip of the pen runs over the 
surface of the bar code label. The optics of this type of reader 


ELECTRICAL 
LEADS PEN BODY 
CIRCUIT 
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Fig.3. Various designs of bar code pen 


varies slightly from one design to another. Figure 3 shows the 
structures of three types. The light emitted by LEDs (Figures 3a 
and 3b) or light emitted from an optic fibre (Figure 3c} is 
focused on the bar code label by a small sapphire sphere 
mounted at the tip of the pen. Light on the bar code label is 
reflected back through the sphere into the pen and received by 
a photo detector. The signal generated by the photo detector 
is amplified and decoded into numerical or alphabetical digits 
by electronic circuits. 


Bar code gun 

There are two types of bar code guns. The first one utilises a 
laser light source and a rotating mirror system while the other 
uses a charge coupled device (CCD) light sensor. In the first 
case, a narrow laser beam is intercepted by a rotating mirror, 
which causes the laser beam to scan across the bar code 
label. The light reflected by the bar code is detected by photo 
detectors (Figure 4a). The other type utilises a CCD device. 
The bar code is illuminated by a LED array. The image of the 
bar code is focused on to the CCD sensor by a lens. The CCD 
device contains several hundred light sensitive cells in a small 
area (or in a row), The voltage output from a single CCD cell 
depends on the intensity of light on it. Therefore, the pattern of 
voltage level from the CCD sensors indicates the pattern of the 
bar code label (Figure 4b). 


Bar code reader built in the counter 

There are two types of bar code readers. The first one has a 
fixed light beam and the other has a scanning beam. For the 
first type, the light beam emitted by a laser source travels 
through a transparent window to the bar code label. The label 
has to be moved over the window to allow the light bean to 
scan the bar code (see Figure 5a). The light reflected back 
from the label is detected by photo detectors. The other type 
incorporates a rotating mirror system to make the laser beam 
to scan across the window in a fraction of a second. As a 
result, it does not matter whether the bar code label moves or 
not. The moving beam scans so rapidly that the label appears 
to be standing still even through it is being moved (Figure Sb). 


The bar code 
Several bar code standards 
are available nowadays. 
They are based on an 
encoded pattern of wide 
and narrow dark/white bars 
to represent alphabetical or 
numeric characters. The 
Universal Product Coding 
(UPC) was created in the 
United States of America in 
1973. In this scheme, a 
unique number is allocated 
to a particular manufacturer 
who can then add a 
number that is specific to a 
product. In 1977 European 
Article Number (EAN) 
standard came into being. 
Most bar code labels on 
articles in supermarkets, 
books or newsstand 
magazines in the UK have 
an EAN cade on it. 
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Fig.4. Various designs of bar code guns 
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The format of the EAN bar code 

Have a look of the bar code label printed on the front page of 
this magazine. The section on the left is a standard EAN label. 
The small one on the right has nothing to do with the EAN, so 
we can ignore it. The EAN label has two areas with one area 
above the other. The upper area consists of bar strips and the 
lower consists of 13 numerical digits, arranged into three 
sections. The first section contains only one digit, ‘9’. The 
second section (the left hand section) contains 6 digits 
'770142' and the third one (the right hand section) contains 6 


digits '722092’, These sections are separated by two thin bars, 


which are known as the guard. Another guard also appears at 
the end of the bar code. 

These 13 digits are split into four functional parts, a prefix, a 
manufacturer number, an item reference number and a check 
digit. The prefix has 2 digits; the manufacturer number has 5 
digits; the item reference has 5 digits and the check digit has 1 
digit. The bar code for ETI magazine is ‘9770142722092". ‘97' 
is the prefix; ‘70142’ is the manufacturer; ‘722092 is the 
product number. In fact. the prefix ‘97' indicates a publication. 
The number ‘7° indicates a magazine. ‘014272209’ is the ISSN 
number and ‘2' is the check digit. 


EAN bar 
set Number LeftHand A LeftHand B Right Hand 
0001101 010011111 10010 

: 0011001 0110011. 1100110 
2s 0070011 == «0011011 += 1101100 
3 (0111401 ~=——-0100001+~—S_ 1000010 
4 0100011. ~=— «0011101101100 
5 0110001 = -0111001_~—S 1001110 
6 0101111 0000101 1010000 
7 0111011 9010001 +=» 1000100 
8 __0110111__-0001001___1001000 
9 "0001011 0010111 


1110100 


Prefix Data Data Data Data Data 


Encoding 

of the first 

Nonber 2 1 2 3 4 5 

fe) A A. A A A A 

1 | a BA BB. 

2 A A B BB A B| 
3 A A BB ‘a. ae 
4 A  B A A 8B B 
5 A  B B A AB. 
6 A  B B B A A | 
7 A B A BA B 

8 & * 8 A BB <A 
Qo A B. B A BB A 


Encoding of digits using 
bars 

Each digit in the EAN code is 
expressed by a combination of seven 
dark or white bars of a fixed width as 
illustrated in Figure 6a. A dark bar 
corresponds to 1 and a white bar 
corresponds to 0. Multiple dark bars 
adjacent to each other appear as a 
wide dark bar. In theory, there are 128 
(27) possible combinations of bars. 
Digits 0 to 9 on the left hand side of 
the code are coded differently from 
those on the right hand side to 
indicate whether the code is read from 
left to right or from right to left. The 
right hand codes have an even parity, 
i.e. even number of 1’s. Left hand 
digits are encoded using a mixture of 
Left Hand A’, with odd parity, and ‘Left 
Hand B’, with even parity. Thus, 30 
bar encodings are used in the EAN 


coding. Table 1 lists the har encoding for digits 0 to 9. Figure 
6b shows samples of the bar codes. Not again that 'O' 
represents a white bar and 1’ 


represent a dark bar 


The use of Left Hand A and B in the left hand side codes 
enables the 13th digits (the first digit) to be encoded. This is 


why there are no bars fo 
relationship between the 


r the first digit in the label! The 
digit and the pattern of the usage of 


Left Hand A and B is shown in table 2. 


In application, a calculation using the first 12 digits is 
performed after each bar code reading to generate a 


checksum value for dete 
reading. On the basis of 


cting errors occurred during the 
what has been explained, can readers 


work out the bar code label on ET] magazine now? 


Building a computer-based 


bar code reader 


Using commonly available materials, it is possible to design 
and construct a simple pen-type bar code reader. It is 


connected to the Centro 


nic port of a pc and the computer can 


read the bar code and display the waveform generated by the 
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Fig.5. Various asi of bar code readers built into the counter 


bar code reader on the screen. The software of the system Is 
not in the ready-to-use state. Its main purpose is to show 
readers how the bar code system works and encourage 
readers to develop their own software. 

This bar code system consists of a bar code reader pen 
and a box which contains the amplification and interfacing 
circuits. The complete system is shown in Figure 1. 


The electronics of the bar code reader 
Figure 7 gives the circuit block diagram of the bar code reader. It 
consists of 6 units, namely, the optical reader unit, the input 
stage, the amplification unit, the A/D converter unit, the pc 
interfacing unit and the power supply unit. The optical reader unit 
generates the voltage patterns when it travels over the bar code 
jabel. The input stage is used to interface with the photo diode. 


DARK STRIPS REPRESENT '1' 
WHITE STRIPS REPRESENT ‘0° 


BINARY VALUES 101 


(a) BASIC WHITE AND DARK BAR STRIPS 
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0 


LEFT HAND A '0' 
0001101 


0 


LEFT HAND B ‘0’ 
0100141 


9 


RIGHT HAND '9' 
1111100 


(b) SEVEN DARK/WHITE BAR STRIPS REPRESENT A NUMERICAL DIGIT 


Fig.6. Encoding numerical digits using bars 
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The signal from this is amplified by the amplification unit and is 
then converted into digital form by the A/D conversion unit. The 
interface unit enables the computer to read the digitized signals 
via the printer port. The circuit diagram is shown in Figure 8. 


The optical reader unit and the input 
stage 

The photo detector is a BPW34 which is a 7 mm2 planar 
silicon PIN photodiode and is highly sensitivity to red light. It is 
housed in a two pin epoxy package. The signal from the 
photodiode is amplified by a FET op-amp which is configured 
as a standard differential amplifier. The capacitors around the 
op-amp are used for reducing ripples from AC lighting and 
controlling the response time. 


The amplification unit 

The signal from the input stage is amplified further by an op- 
amp which is configured as a standard non-inverting amplifier. 
The gain of the amplifier is set by R6 and R7 and is calculated 
by 14+R6/R7. R6 is 200K and R7 1K. This gives an 
amplification of about 200. Resistors R4 and R5 are used to 
set the quiescent voltage to about 0.012V. The output from the 
amplifier is a signal with an amplitude between OV and 2.5V. 


The A/D converter unit 

The A/D converter is a ADCO804 CMOS successive- 
approximation A/D converter. Only a timing resistor (connected 
between Pins 19 and 4) and a capacitor are used for 
generating the clock signal and an external band-gap voltage 
reference is used to set the voltage reference for the converter. 
The power supply is 5V with a typical current consumption of 
about 1.3 mA. The maximum data conversion rate is about 
8700 Hz. In most cases, the analogue ground (Pin 8), the 
digital ground (Pin 10) and Vin(-) (Pin 7) are connected together 
as a single ground. 

-CS (Pin 1) is the chip select. To enable the converter, this 
pin must be held low. At the low-going edge of the -WR (Pin 
3), the A/D converter starts the A/D conversion. During a 
conversion, -INTR (Pin 5) is at logic high. When a conversion is 
completed, -INTR goes low. When -RD (Pin 2) is taken low, the 
converted data will appear on the output lines DBO to DB7 
(Pins 18 through to 11); otherwise these lines are in high 
impedance state. In the present circuit, the converter is 
configured in a free-running mode by connecting the -INTR and 
-WR together and the -RD input is held low all the time. 
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Fig.7. Circuit block diagram of the bar code reader 
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The PC interfacing unit and the Centronic 
port 

The Centronic port of pcs consists of three separate I/O ports; 
the Data port, the Control port and the Status port. The Data 
port is an 8-bit output port, which sends data to the printer. 
The Control port is a 4-bit output port, which issues 
commands to the printer. The Status port is a five-bit input port 
which reads the information from the printer into the pc. For 
the LPT1 Centronic port, which is allocated on the mother 
board of the computer (not on the expansion card), these ports 
correspond to three I/O addresses: 888, 890 and 889, 
respectively. Because the Centronic port only has 5 input lines, 
in order to read an 8-bit data generated by the A/D converter a 
suitable interface has to be used. 

A 74LS241 tri-state octal buffer IC is used in the interfacing 
unit. It has two sets of tri-state buffers, each containing four 
buffers. Each set has an enable input, Pin 1 for the first set and 
Pin 19 for the second. When Pin 1 is taken low, the first set of 
buffers works (i.e. the outputs will follow the status of the 
inputs). When pin 19 goes high, the second set of buffers 
works. Pin 1 and 19 are connected together to form a Data 
Selection Line (DSL). By putting the line low and then high, the 
computer can read the 4 bits connected to the first set of 
buffers (DBO, DB1, DB2 and DB3) and the other 4 bits 
connected to the other set of buffers (DB4, DB5, DB6 and 
DB7) in turns. Operating in such a manner, the 8-bit data from 
the A/D converter can be read into the computer in two halves. 
By manipulating the bits of the two readings, an 8-bit data can 
be formed. 


The power supply unit 

The power supply unit incorporates a 7805 5V voltage 
regulator for supplying the 5V DC to the circuit. A 9-15V DC 
external power supply is required. 


Construction 
The electronics are mounted on a single-sided PCB board (see 
section at end of magazine). The component layout is shown in 
Figure 10. The circuit board is mounted in a plastic box. A 
suggested arrangement is illustrated in Figure 12 and shown in 
the photos. 

Figure 11 shows the detail of the construction of the bar 
code pen. The optics of the pen are similar to the one shown 
in Figure 2(1). An LED and a photo detector are mounted side 


by side on a small piece of strip board with their active areas 
facing in the same direction. The board is fixed inside a tiny 
plastic box. A hole was drilled on the side wall of the box and a 
plastic tube glued over the hole. The inside of the tube is 
painted black. A conical plastic tube was mounted on the 
other end of the tube with a tiny glass bead (2-3 mm in 
diameter) installed on the tip. The bar code pen is connected 
to the control box by two pairs of wires. The first pair Supply 
the power to the LED and the other transfers the signal 


Resistors 

(0.25 W, 1% metal film resistors) 
® 2,R3 10M 

@ R4,R6 200K 

@ RS 500R 

@ R7- 1K 

@ R8 10K 

@® R9 270R 
Capacitors 

6 €1i,C2 1000pF cerainic disc 
e c3 33pF ceramic disc 

@ C4 10uF eletrolytic 

® cs | 150pF ceramic disc 
@ C6,C7 , 100nF ceramic dise 
Semiconductors 


1C1. .CA3140 operational amplifier 
1€2 »NE5230 operational amplifier 
Ic3 ADC0804 8-bit A/D converter 5 : 
IC4 ° 74L.S241 tri-state ‘octal buffer ie 
TLE2425C 2.5V precision voltage réterenca” 
1C6.. 7805 +5V voltage regulator 
LED13 mm super bright LEDs 
LED25 mm.standard LEDs 

| @ D1. BPW34{(no filter) none 


8 


Miscelldricous 
J1,J2,53 2-way PCB connector pairs 


e 
@ J4  36-way Centronic female connector 

| @ JS. 6-way PCB connector pair 

| @ J6~ .5-pin DIN’connector pair ; 
@ SK’ «2:5:mm power socket _ : 
@ SW Toggle:switch 
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J4 36-WAY CENTHONIGS FEMALE CONNECTOR 


sw 
GND ir 
CAI140 
{C2 NE5230 
Jf Je {C3 ADCOBO4 


IC4 = F4LS241 
C5 TLE2425C 
IC6 = 7805 
LED1 3mm SUPER BRIGHT 
LED2 5mm STANDARD 
BPW34 (NO FILTER) 


Fig.8. Circuit diagram of the bar code reader 


ee generated by the photo dicde to the control box. 

The small box for the optical reader can be 
purchased from Maplin Electronics. The tube is made using the 
casing of a biro. 

lf readers encounter any difficulty in obtaing the glass 
beads, please contact Dr. Pei An at 58 Lamport Court, 
Lamport Close, Manchester M1 7EG, U.K. 
Tel. 0161-272-8279. 


Programming 

The control program of the data logging system is written in 
Turbo Pascal 6. The program is based on the LPT1 port. The 
following is the list of the demonstration program. 


“l@eesaeeeeeeavooveces 
CONNECTED TO THE PRINTER PORT OF 4 PC 


Program list of the demo software 


Program Barcoder_reader; 


uses 

ad crt,graph; 

4 Var 

a bytel,byte2,truebyte :byle; 

¢ bitweight,bit : array [1..8] of 
Fig.10. Component byte; 
overlay of the bar P_address,i,j,k,dummy :integer; 
code reader ¥V tarray [1..1000] of 
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GLASS BALL PLASTIC TUBE 
(3mm DIAMETER} {INSIDE PAINTED BLACK) PLASTIC BOX (30x20x15) 
/ {PAINTED BLACK INSIDE AND 
f COVERED BY A BLACK LID) 


CONICAL CAP 


} 


CIRCUIT BOARD 
POSITIONED IN 
THE BOX 


\ 


an SCREENED 


DIN TYPE 5 PIN : 
ae AAS 4-CORE CABLE 
Fig.11. Construction of the bar code pen 
PLASTIC ENCLOSURE 
ELECTRICAL CABLES rs 


w 
« 


DIN TYPE 5-PIN 
FEMALE CONNECTOR 
CONNECTED TO THE 

BAR CODE PEN 


= | DBC POWER SUPPLY 


36-PIN FEMALE 


Fig.12. Suggested arrangement of the bar code reader C&NTRONICS CONNECTOR 
controller 


iritesgesr ; 
Sui, average: real; 
databiler:text; 


(Variables: byte] =4 hign bils, byte: .4 
iuw bits, truebyte.%& bit byte trom the 
A/D converter } 


Procedure initial bit; 
f{luitialive bimiry bitwei 
es Le) 

for i:=l to 8 do begin bitweight]il::1; 
bit li] 2=0; id; 

for j }] to 8 do pegin 

Lor fe“. to ff) de 

bitweight |j]:-pitweight [jj *2 


VOLTAGE SIGNALS (ARBITRARY} 


end; 
end; 
50 100 150 200 250 300 350 400 450 
DATA POINTS Procedure Input_printer_address; 
{input the address of the printer} 
begin 
Fig.13. Voltage signal output from the bar code reader weiteln(*Conligure the address, ot the 
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Printer porl*); Procesture ert init tal iat ies 


difficult task. 


weebe bad * hell ot mebrerboard is BB’); {snew tnilia: data on the screen} 
weibebad bel) on 1f/Q card, check Le address begin 
ol your womnpeter, $26 fur example’i; writeln; 
witlbe (*liput the addeess of Lite pi ater 
forts: a a writoOlo[ 1 * eee RR Re ee mR RR RR RR Re 
red n(Pladicress} ; eae WEA BH BB. B98 RR AA Re AC IE RR TE TIRE A ROR RAE YM 
eri; wrivelnt’ -BMPC 8 lipuc 8 bit 
j analoque to digital 
{ ecviverter program}; 
: Funetion voltage:real; 
| {Logging tivities Lirteey pod Wt a(R REE RE RRNA AA RRR RE RK ERR ARRAS HH 
| war ake PAS De FM STE BR WER RR RR AOR, SON. HUN RIM OE MR a Ls: 
d sum:real; wreilelna; 
lirinneger; writeloay: 
end; 
bneg it 
thatiar Bikes protedure display results; 
porllh uddresaréyp isd: begin : 
{CONVERT 0, DSle-t} gotuxy (40, Migwrile(vVollage:/:4);7 , {ahow 
Taped results or ort} f 
i pylwlsspurL | Pladdiress+! |; iread end; 
] Isl oyte, check BUSY lite and wail Ll btu become 
Riana Provedure Plot barcode; 
wiitil bytelbb66128; dfivoe: ROSY Vell 
lit if inverted in the Bt} Gd, Gm : integer; 
bytei:. port | P address+l|; {DSL i, begin 
reag Lhe high 4 bits; Gdor. Detect; InitGraph(cd, Gm, 7); 
pert | P addressta|: 4; fAShe il Greaphkesult 66669999 grOk then Hall tli; 
pyle: spot | Pladdrisised :; ifead Gur leat  virlliasaee from barcode readert); 
hne 4&4 bow Bitet hovetoll, villi: 
{binary ftoarmet. for ki=4 to 800 do begin .ineratk, 300 
ol bytel and byte (Vik!}};end 
bytel: i 
eesDhhku (high 4 bits} reads; 
oybes: CloseGraph; 
vesllal0 {low 4 bits) erid; { 
Retes otis <Pl | 
care, h,l=data} Procedure Stan; : 
bytel:soytel and 120; (00017710 and fboarcoder sean procedure } I 
. ohhh GOUhAEEG } beg ir 
bytel: bytel shl 1; {shirt 1 bit repeat 
left, bytel «© GlCUUhhhh} wreiteliu(’Please use your barceder reader pen’); 
byte2:-byte2 and 1l2u; LUU0Tii.u arid {roperdt 
rae ll IM 2 GDOot1 214 sur:=O} 
byte2:-byted shr 4; {enitl 3 bits Tor ki=l to 5O do sum: sum+veltage; 
right, byled LLLIGouu) average:ssum/4g; 
Cruebyle:sbybel or byted; {oytel or bytes - unlil (volt agesbbb6roundlaverageé)); ft 
LotlUudU or DUGOhhhh - Liilhtinh} 
Wortayge: (truebyte) ; 
enn y 
wrilelo('Start reading barcode); 
Procedure delaytime; read_barcedu; 
war kKke botbesgert ; : plot barcode; 
peg ith save_datey 1, 
tor xe: Jo ova JUU Go cuuuny:-10; wreitele(?!inish revlitng bear coadet ) y 
eri; readln; ; 
urtthil keypressed; ; 
Procedure: read beat code; end; | 
begin 
fox ka.) te 200 eo begin Procedure Analysis_bareode; 
Wok]: round(valtaqe) pdelayt ime: end: pegin { 
end; end; 
Ste ceseseoes se eH Haar! PewyTeM. 1 teeeceeetekes se) 
Procedure print ourcode; begiti 
beg iy clreser: 
tor ks | te 200 do wiibeloutytijrbd; “npul_pi inler_acdress; 
ened; ShLAMT. Tal deal Sestes 
sean? 
vyoboyy (10, 19)ewrite( ‘thank you far running 
Procedure sayve_data; LHiS preaream’ }; 
t beg ir bonged tes 
i teadin; end. 
psy aero : i - rbharcade. dat’); Decoding the bar code 
: fey > ) to S00 ris andbetickiieke ie t5 Figure 13 shows the voltage signal of a bar code sample read 
| oviille into the computer. To write a software to decode the bar code 
| ' eJoseldatabiled; signal into numerical digit is certainly a challenge. It is also a 
4 Bn; il 
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Paul Stenning takes a look 
at a software package 


which lets you design 
circuits on your PC 


tend to regard myself as a practical electronics 

engineer. Most of my designs are based on 

experiment and | do not normally calculate much 

if | can avoid it. | studied electronics at college 

some years ago and have a reasonable 
understanding of the theory. However, | normally find that 
designing circuits by calculation takes longer than hooking 
together a few components and making some measurements. 

| have tried conventional analysis (SPICE) software in the 

past, but | normally found this to be difficult to use. This usually 
involves manually creating a netlist from the circuit and keying it 
in - a time-consuming and error-prone procedure. In theory, it 
should have been possible to create netlists from schematic 
capture software, but | had little success getting this to work 
properly. The numerical results were often difficult to interpret - 
which made me wonder if it was worth all the effort! 


Electronics Workbench 
“Electronics Workbench” offers a different and much more 
logical approach to circuit simulation. The circuit diagram is first 
drawn on the screen, using components supplied. Test 
instruments are then connected, and the setup is ‘switched 
on’. The results are displayed on the instruments in a similar 
manner to real instruments. 

Previous versions of Electronics Workbench have had 
separate programs for analogue and digital circuits, with no 
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Electronics. 
Workbench: 


The electronics lab ina computer 
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facilities to readily mix the two. Version 4 is a true mixed-mode 
simulator, allowing analogue and digital circuitry to be 
combined in one design. 

So we have the ability to analyse analogue, digital and mixed 
signal circuits, in what appears to be close to real-life situations, 
for just £199 + VAT. But how does it stand up in practice? 


Installation 

Electronics Workbench Version 4 is available in versions for 
Microsoft Windows. MS-DOS and the Apple Macintosh. | 
reviewed the Windows version on a 486SX computer with 
4MB of RAM, running MS-DOS 5.00 and Windows for 
Workgroups 3.11. 

The software is supplied on two 720K 3.5” disks. When 
installed, it takes up about 3.5MB of hard disk, 

Installation was uneventful, except for one question about 
whether | wished to use North American ANSI or European 
DIN component symbols. There is no mention of this in the 
installation guide or the other manuals. Both variants are 
shown in the Quick Reference Card, but | didn't find this until 
after installation! 

| chose the default ANSI standard because it is the one | 
am most familiar with and the one used in this magazine. In the 
DIN standard, logic gates and many other components are 
represented by rectangles containing characters - most 
confusing! 
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Copy protection 


Electronics Workbench 


From reading the Installation Card, | was 
initially worried that | was about to 
encounter some horrendous disk-based 
copy protection system that would not 
allow normal backup operations (I have lost 
software in the past due to this, when a 
hard drive failed). | understand that some 
previous versions of Electronics Workbench 
had this affliction, but this current version 
seems to be more polite. | was able to copy 
the original disks for safety and then install 
the software from the copies. 

During installation, the product serial 
number and the user's name is requested 
and written to the floppy disk. When the 
software is started for the first time only, it 
requests the entry of a specified word in the 
User's Manual - a sirnple and effective 
scheme that makes pirate copies useless! 
The first time | tried this, it did not work, 
probably due to a minor discrepancy 
between the software and the manual, but the second time it 
was fine. 

A single Hidden Systern file is written to the hard disk and 
the software will not work if this is missing. Having successfully 
installed the software, | deleted it manually from the hard disk 
and then tried to install it again. This was also successful, 
contirming that the copy protection is not too restrictive and 
that an accidentally lost installation can be replaced. 


Screen layout 
The screen layout is tidy and uncluttered. The top section 
contains the usual windows title and menu bars and, below 
this, are the buttons to select different component libraries and 
the test equipment icons. The contents of the current library is 
displayed in the ‘Parts Bin' down the left side of the screen, 
leaving a large area (referred to as ‘The Workbench’) for 
drawing the circuit. 

| started by working my way through the Getting Started 
and Tutorial sections in the User’s Guide. This is clearly written 
and guides new users gently through the software. It obviously 


Electronics Workbench 
Window Help 


w, 8 


e 7493 chip Eounts up: to F. At fu 
ouble-clic 


count, the buzzer goes on. 
the logic analyzer icon to see the waveforms. 


does not try to teach the user about electronics, but the 
circuits used to illustrate the tutorial are straightforward and 
probably readily understood by most people with at least a little 
electronics knowledge. 


Components 
A good selection of common components are included with 
the software; however, there is an American bias to the devices 
offered. For example, the Zener diodes all have 1N type 
numbers, rather than the BZX79 style numbers commonly 
used in the UK. Also, the AC voltage source defaults to 120V 
60Hz. Additional components can be created and the defaults 
modified, but this requires some understanding of SPICE 
models, Perhaps the UK distributors might consider including 
an additional disk of European components within the price of 
the software. 

| found a couple of minor errors in the component models. 
For example, the forward voltage drop of the LEDs was set at 
0.75V, whereas in reality it should have been about 2V. This is 
easy enough to correct, but how could a silly error like this 
remain, in a standard component, in 
Version 4 of the software? 
Approximately 350 different components 
are included with the software as standard. 
An additional 2100 are available in four 
add-on libraries which are available at extra 
cost. 
As well as actual components, “ideal” 
components are included. These are useful 
for comparing the performance of real 
components with ideal parts and for 
proving whether a non-working circuit is 
due to the peculiarities of a specific 
component. 


Connections 

Connections are made by simply dragging 
a wire from one component terminal to 
another - the wires being routed tidily 
automatically. Wires can also be connected 
from components to other wires, 
whereupon connector dots will 
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appear automatically. 

| sometimes wished for a method of routing the connections 
manually, as things can get somewhat untidy if one is not 
careful. However, the purpose of the schematic drawing is for 
entering circuits for analysis; the software is not really intended 
for circuit diagram illustration. 

A PCB export package is available as an optional add-on 
module, for those who want to use Electronics Workbench as 
a schematic capture front-end. | personally wouldn't bother 
with this sort of thing though. | find trying to get two unrelated 
programs to communicate successfully is a superb way of 
wasting time! It is much easier and more productive to use a 
PCB design package that includes schematic editing and 
capture as standard. 


Test Equipment 

Having drawn the circuit, the next stage is to add the 
appropriate test equipment. A selection of instruments are 
included, including a Multimeter, Logic Analyser and Function 
Generator. 

The Oscilloscope has just two channels, in common with 
most bench units. | would have preferred a couple of extra 
channels. | sometimes wanted to monitor the input and output 
of a circuit, as well as a couple of intermediate points. Two 
channels can be limiting at times and | think four would be 
more realistic. 

A Bode Plotter allows frequency responses to be measured 
and displayed. The Word Generator and the Logic Convertor 
allow digital circuits to be tested and analysed. One feature | 
appreciate is the ability of the Logic Convertor to produce a 
logic circuit from a truth table. | have spent hours working this 
sort of thing out on paper in the past! 

Only one of each of these instruments can be used in a 
circuit. The instruments can be displayed by double-clicking on 
them and can then be set up as required. 

Ammeters and Voltmeters are included in the Parts Bin, and 
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can be used in any quantity. On AC, these read in RMS terms. 
The manual does not state whether they will read on a 
fluctuating DC signal - it appears to be some sort of 
average value. 


Circuit analysis 

Once everything is connected up, the analysis is started by 
clicking on the On switch at the top right corner of the screen. 
The software will analyse the behaviour of the circuit from the 
switch-on time until a steady state is reached. The displays on 
the test equipment update as the analysis continues and 

can normally be adjusted as necessary without restarting 

the analysis. 

The time taken for analysis obviously depends on the 
complexity of the circuit, the analysis settings and the speed of 
the computer. The software will use a maths co-processor if 
one is fitted and | imagine this would make a significant 
difference. The process can seem slow if you are watching it 
but, if you consider the level of calculations involved, it is quite 
impressive. 

The software does not take into account the maximum current, 


I 
| 


voltage and power ratings of the components. The fuse and lamp ! 


components will blow if over-run, but the other components just 
continue working. | appreciate that this sort of calculation would 
slow the analysis, so it could be a selectable option. 

For example, | created a circuit where a 1N4001 diode 
(rated at 50V and 1A) was half wave rectifying a 1O000V AC 
supply and carrying a continuous current of over 5A! A real 
diode would never survive this. The diode model does have an 
entry for reverse breakdown voltage (set in this case to 49,9V) 
but this seems to have little effect. It is possible to work around 
the current limits by adding fuses but this sort of thing should 
not be necessary. 

It would also be useful (sometimes) to know the power 
being dissipated by a resistor. This can be established by the 
insertion of suitable ammeters and voltmeters, and multiplying 
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the readings manually but | would have expected to be able to 
get the results autamatically. 

| feel that the interface between the analogue and digital 
circuits may need same more work in places. For example, the 
input protection diodes on logic gates are not simulated and 
diodes would have to he added externally if a logic input was 
presented with an analogue input 


Other Circuits 

i have entered some of my own experimental circuits, which | 
know from experience had various problems. | was impressed 
to see that the software reproduced most of these - including 
an amplifier that worked fine with sine waves but was prone to 
ringing with square waves. This sort of thing can be difficult to 
prove in practice, even with the appropriate test equipment. 

I could not simulate a triac circuit that was prone to erratic 
behavior This is prohably due to the lamp model being purely 
resistive and not having the low cold resistance (and high initial 
current) that real amps have 

Obviously the software cannot allow for layout problems 
and external noise, so some circuits will still need to be proved 
on the bench. Indeed, it would be foolish to commit to a 
design without proving it in practice but, with most of the 
design work already carried out using Electronics Workbench, 
the time involved in proving the circuit can be considerably 
reduced. 


Documentation 

Flectronics Workbench is supplied with two main manuals. The 
User's Guide contains the tutorial. menu reference and general 
information needed far running the software. | would 
recommend reading most of this manual and working through 
the examples to appreciate the power and flexibility of the 
software. The Technical Reference manual contains useful 
detailed information on the test equipment and components 
and also describes the SPICE models used. Both manuals are 
clearly written and produced to a very high standard. | liked the 
idea of spreading the documentation over two manageable 
manuals, rather than having one bulky publication. 


System Requirements 


MS-DOS version 

386 or higher processor, 4MB of RAM, 5MB hard 
disk space, VGA display, Microsoft or 
compatible mouse and installed driver, MS-DOS 
3.0 or greater. Supports math co-processor if 
available (recommended). 


Windows version 
As MS-DOS version above, with Microsoft 
Windows version 3.1 or greater. 


Macintosh version 

Apple Mac with 68020 processor or higher, 4MB 
RAM (2MB available), System 6.0.5 or System 7. 
Does not support Macintosh Plus, SE, Classic, 
and PowerBook 100. 


The same manuals are 
provided with the DOS 
and Windows versions of 
the software. There are 
some sections for DOS 
users only. but the 
emphasis is definitely 
towards Windows users, 
which may give DOS 
users the impression that 
they have been left 
behind. 


Conclusion 

Overall, | am very 
impressed with 
Electronics Workbench. | 
will certainly be using my 
copy for many of my 
future designs - the 
software has convinced 
me of the value of circuit 
analysis! | particularly like 
the way the software 
gives the feel of real 
components and 
instruments, rather than 
abstract netlists and 
charts of results. As a 
‘practical’ engineer, it 
suits my way of thinking 
and working. 


Supplier Details 
Product Title - Electronics 
Workbench version 4 
Publisher - Interactive 
Image Technologies Ltd, 
111 Peter St., Suite 801, 
Toronto, Ontario, Canada, 
M5V ?H1. Tel (from UK) 
001 416 977 5550. Fax 
001 416 977 1818. 

UK Distributor - Robinson 
Marshall (Europe} Plc, 
Nadella Building, Progress 
Close, Leofric Business 
Park, Coventry, 
Warwickshire, CV3 2TF. 
Tel 01203 233216, Fax 
01203 233210 

Price - £199, plus £5.99 
postage, plus VAT (total 
£240.86). 30 day money- 
back guarantee. 

Four additional 
component libraries are 
available, price £29.95 
each or £99.00 for set of 
four. PCB Export add-on 
module £49.95. All prices 
are subject to postage 
and VAT and are correct 
at the time of writing. 
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Robert Penfold devises an 
electronic solution to the 
increasingly pervasive problem 
of noise pollution 


he problem of noise pollution is one that seems to 
have steadily grown over the past twenty years or 
so. The generally accepted reason for this 
escalation is an increase in the range of electrical 
and electronic gadgets that can generate high 
enough sound level to cause annoyance to others. The average 


_ 


NOISE | | 
GENERATOR AMPLIFIER - 


Fig.1. The sound masker block diagram 


home is now equipped with hi-fi equipment, powe! iouls 
“ghetto blasters” etc and it is virtually certain thal one of these 
devices will cause annoyance tu soreone befure too lony 

A certain amount of noise pollution is probably surnething 
that has to be accepted as a fact of inodern lite. but are there 
ways of COunteracting the noise if you find yourselt at the 
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Fig.2. Full circuit diagram for the sound masker 
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Fig.3. The approximate frequency 
responses of the tone controls with 
maximum boost and cut 


receiving end rather too often? There are actually several 
mechanical and electronic means of counteracting noise. 
Probably the most effective method (and the least comfortable) 
is to use ear defenders or earplugs. The RS/Electromail 
catalogue lists a fair range of devices to block sounds, such as 
the “Tracer Earplug” (662-485), With my ears, at any rate, 
earplugs such as these are very effective at combatting the 
“thump-thump-thump” from neighbours’ hi-fi systems etc. The 
problem with devices such as these is that they tend to give 
you a sort of “shut off fromm the rest of the world” feeling that 
many people find unacceptable. Wearing them can also 
become a little uncomfortable after an hour or so. 


Masking 

There are a few electronic means of counteracting noise. The 
most simple method, but one that can be quite effective, is to 
use electronically generated sounds to mask the offending 
noise. At its most basic, this just entails using your own hi-fi 
system, television set or whatever to produce sounds that 
cover up the noise from your neighbours. In practice, this basic 
method tends to be unsatisfactory. One reason for this is that 
you may simply want to “put your brain into neutral” and relax 
without any background music or other distractions. Another 
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Fig.4. Component layout for the stripboard panel 


problem is that most programme sources are intermittent in 
nature and the noise from your neighbours during the quiet bits 
can be more irritating than continuous noise. 

There is a third problem, which is simply that your sounds 
might not be good at masking the noise from your neighbours. 
Sounds tend to mask similar sounds very well, but are 
ineffective at blocking disparate sounds. It seems to be the 
frequency content that is of prime importance here. For 
instance, low frequency sounds are good at masking other low 
frequency sounds, but middie and high frequency sounds tend 
to stand out clearly above them. 

There is an electronic solution to these problems in the form 
of a noise generator. “Hiss” type noise covers the full audio 
range and is therefore reasonably effective at masking any 
noise, regardless of its frequency content. It is continuous, with 
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Fig.5. Underside view of the stripboard panel 


no gaps for the neighbours’ noise to sneak through. Most 
people do not find “hiss" type noise too distracting. In fact, it 
can be quite relaxing, particularly it a normal “white” noise 
source is filtered to provide so-called “pink” noise 

“Pink” noise gives what is still a “hiss" type sound, but with 
greatly reduced high frequency content. The sound of "pink" 
noise is generally perceived as being less aggressive than that 
of “white” noise and it is often likened to the sound of gentle 
rainfall. This is possibly the reason that many people find the 
sound of “pink” noise quite relaxing. Compared to “white” 
noise, the “pink” variety is less effective. at masking high 
frequency sounds, due to its lower high frequency content. 
This is not normally of any major importance, since low 
frequency sounds travel better through walls and windows 
than high frequency sounds. In fact. it means that “pink” noise 
will usually be well matched to the noises that you are trying 
to mask, 

The device featured here is a “pink” noise generator that 
has built-in tone controls which provide the usually bass and 
treble boost and cut. This enables the sound to be adjusted to 
give what is deemed to be the most relaxing effect and also 
enables, say, extra bass content to be produced if the 
offending noise is predominantly at low frequencies. The noise 
generator can directly drive earphones or headphones, or its 
output can be connected to a hi-fi system if loudspeaker 
operation is required. 


How It Works 

The block diagram of Fig.1 shows the general make-up of 
the noise masker. The first stage is the basic noise generator 
circuit, which produces a normal "white" noise signal. 
Generating electrical noise is not difficult, since it is produced 
by all electronic components. The problem in this case is 
generating a strong signal using components that are designed 
to produce as little noise as possible. Noise can be produced 
digitally, or using noise analogue components. After a few 
experiments with various noise sources, an opto-isolator was 
used as the basis of the noise generator in this circuit. This 
method is inexpensive and seers to provide consistently high 
noise levels. The noise output is still somewhat weaker than we 
require in this application, but a modest amount of 
amplification is all that is needed in order to bring the noise 
signal to a satisfactory level. 

“White” noise contains all frequencies at equal levels. "Pink" 
noise also contains all frequencies, but there is the same signal 
level in any single octave band. For example, the noise is at the 
same level from 20Hz to 40HZ as it is from 20kKHz to 40kHz. 
Clearly there is a much wider frequency span from 20kKHz to 
AOkHz than there is from 20Hz to 40Hz, but there is only the 
same signal level in each band. In order to convert “white” 
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noise to “pink” noise it is merely necessary to use some low- 
pass filtering to provide a 3dB per octave roll-off right across 
the audio range. In this case, the lowpass filter is a passive 
type and it is therefore followed by an amplifier which 
compensates for the overall signal loss through the filter. 

The “pink” noise signal is then processed by a standard 
bass and treble tone control circuit which, if necessary, enables 
the sound of the noise to be contoured. For example, if the 
noise to be masked is predominantly at low frequencies, some 
bass boost should enable it to be masked effectively without 
having to resort to very high volume levels. The tone control 
circuit is only needed if the noise generator will be used as a 
stand- alone unit driving earphones or headphones. If the unit 
is used in conjunction with a hi-fi amplifier, the tone control 
circuit is not really necessary, because the hi-fi system will 
presumably have either built-in tone controls or a graphic 
equaliser. 


Fig.2 shows the full circuit diagram for the noise masker. 
IC1 is the opto-isolator used in the “white” noise generator. On 
the input side, R1 is used to provide a small current to the 
LED. On the output side, R2 acts as the collector load resistor 
for the transistor. No connection is made to the base terminal 
of the transistor (pin 6), but.a collector current flows due to the 
leakage induced by the infra-red “light” from the LED. Although 
there is no obvious reason why this arrangement should 
provide a relatively high noise level, it is a fact that a normal 
opto-isolator is quite noisy and does produce plenty of noise 
when used in this way. 

On the prototype, a 4N27 is used for IC1, but any “bog 
standard” opto-isolator (TIL111 etc) seems to provide similar 
results. However, the opto-isclator must be a type which has 
the standard 6 pin DIL encapsulation and pinout arrangement 
and it must also be a type which has a transistor at the output 
(not a Darlington pair, photo-diode plus a transistor, etc). High 
speed or otherwise “improved” devices might not work as well 
and would be more expensive, so it is better to use a low 
cost type. 

IC2 is used as the basis of the first amplifier stage and 
this is a conventional non-inverting mode circuit. R5 and R6 
are the negative feedback circuit and they set the closed- 
loop voltage gain of the circuit at about 100 times (40dB). 
R3 and Ré4 bias the non-inverting input of IC2 and set the 
input impedance of the amplifier at 50k. 

The output of IC2 is direct coupled to the passive lowpass 
filter. The required roll-off rate of 83dB per octave is an awkward 
one, since the ultimate roll-off rate of a single pole C - R filter is 
double this at 6dB per octave. An approximation of a 3dB per 
octave roll-off is obtained by using a four stage filter with a 
resistor in series with all but one of the filter capacitors. The 
basic idea is that as the attenuation provided by one of the 
capacitors starts to go above 3dB per octave, its series 
resistor limits its effect and prevents the full 6dB per octave 
rate from being achieved. 

Above a certain frequency, the series resistor prevents its 
capacitor from having any further effect, but the next resistor 
and capacitor in the filter then take over and continue to 
provide a roll-off at approximately 3dB per octave. C7 has no 
series resistor, but the fact that the attenuation rate reaches 
6dB per octave at the frequencies above the audio range is of 
no practical significance. The filter only provides an 
approximation of a 3dB per octave roll-off, but its accuracy is 
perfectly adequate for the present application and quite a good 
“pink” noise sound is obtained. 

The output from the lowpass filter is coupled to volume 
control VR1 and then to the second amplifier stage. This is 
another non-inverting circuit, this time based on IC3, R13 and 
R14 form the negative feedback network and they set the 
closed loop voltage gain of IC3 at about 22 times (22dB). The 
value of VR1 and the input impedance of the amplifier (110k) 
are made relatively high so that they do not place excessive 
loading on the lowpass filter. 

IC4 is used as the basis of the active tone contro! circuit, 
which is a conventional inverting mode type. VR3 is the treble 
control and it operates in conjunction with C12 and C15 as a 
negative feedback network. The basic principle of operation is 
very straightforward and is dependent on the fact that C12 and 
C15 have a relatively low impedance at high audio frequencies. 
The closed loop voltage gain of the circuit is therefore largely 
controlled by the setting of VR3. With its wiper towards the 
C15 end of its track, the amount of negative feedback Is large, 
and the voltage gain is less than unity. Taking the wiper to the 
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C12 end of the track gives a small amount of feedback and 
considerably more than unity gain. At middle and low 
frequencies, the impedance of C12 and C15 is large in relation 
to the value of VR3, effectively swamping it and giving 
approximately unity voltage gain at any setting. VR3 therefore 
controls the gain of IC4, but only at treble frequencies. 

VR2 is the bass control and its operation is also dependent 
on the fact that two capacitors have a relatively low impedance 
at high audio frequencies, In this case, the capacitors are C13 
and C14 and, at high audio frequencies, they effectively short 
circuit VR2, making its setting irrelevant. R15 and R18 form the 
negative feedback network and set the voltage gain of the 
circuit at unity. At bass frequencies, the impedance of C13 and 
C14 is high in relation to the track resistance of VR2 and VR2 
can then exercise considerable control over the closed-loop 
gain of IC4. Taking VR2’s wiper to the R15 end of the track 
gives increased gain - taking it to the R18 end of the track 
produces lower gain. R16 and R17 form a simple mixer which 
integrates the two tone controls and ensures minimal 
interaction between them. 

The tone controls provide up to about 15dB of boost and 
cut at the extremes of the audio range, or around 12cB at 
most frequencies within their respective frequency bands. Fig.3 
shows the approximate frequency responses of the tone 
controls in the prototype noise masker. The upper response is 
with both controls set for maximum boost and the lower 
response is with them both set for maximum cut. 

The current consumption of the circuit is about 4 milliamps 
and the unit can therefore be powered from a small (PP3 size) 
9 volt battery. However, if it is likely to be used for long periods 
of time, it would be more economical to use a higher capacity 
battery, such as six HP7 size cells in a holder. 


Construction 

Figs.4 and 5 respectively show the component layout and 
underside view of the stripboard component panel. This has 62 
holes by 20 strips and it can conveniently be a piece cut from 
a standard 160 x 100mm board. Start by drilling the two 
3.3mm diameter mounting holes and then make the 37 breaks 
in the copper strips. These can be made using the special tool 
or a hand-held twist drill bit of about 4.5 to Smm in diameter. 
Make sure that all the breaks cover the full width of the board, 
but do not cut so deeply into the board that it becomes 
seriously weakened. 

Next, the components are added, working methodically 
across the board. Although none of the integrated circuits are 
MOS types, it is still a good idea to fit them in holders. A six- 
pin holder for }C1 might be difficult to obtain, but they are 
available from some 


Do not overlook any of the link wires (there are a dozen in 
all). These are made from 22 or 24 swg tinned copper wire. At 
this stage, only fit single-sided solder pins to the board at the 
places where connections to the potentiometers etc will 
eventually be made. Tin the tops of the pins with a liberal 
amount of solder. 

Practically any medium sized plastic or metal case should 
accommodate this project. The circuit is fairly sensitive to stray 
pick up of electrical noise, particularly mains “hum” when a large 
amount of bass boost is used. This gives some advantage in 
using an all-metal case earthed to the negative supply rail, as 
this will help to screen to circuit against sources of interference. 
The general layout of the unit is not critical, but avoid having 
long connecting wires from the circuit board to the potentiometers 
and the output socket. The board is bolted in place using 6BA 
or metric M@ fixings, including spacers to hold the underside of 
the board a little way off the base panel of the case. 

The hard wiring is shown in Fig.6, which should be used in 
conjunction with Fig.4. This wiring is very straightforward and 
should present no difficulties. JK1 is a 3.5mm jack socket on 
the prototype, but this can obviously be changed for a 
standard jack, phono socket, or any other type of socket that 
suits your particular setup, 


In use 

The output level from JK1 is typically about one volt peak-to- 
peak, which should be ample to drive most hi-fi amplifiers. 
Simply connect JK1 of the noise generator to a spare high 
level input of the amplifier via a screened lead. Quite good 
results are obtained if the output of the unit is used to drive a 
pair of crystal earphones. These seem to provide an earplug 
action, giving two lines of defence against the offending ncise. 
Another 3.5mm jack socket must be added in parallel with JK1 
in order to accommodate two earphones, 

Headphones of the type sold as replacements for use with 
personal stereo units also work well but, due to their relatively 
low impedance, C17 must be replaced with a 220u 10 volt 
capacitor. Otherwise, there will be a very noticeable lack of low 
frequency output from the headphones. JK1 must be replaced 
with a stereo 3.5mm jack socket and it should be wired so that 
the two phones are connected in series (ignore the earth tag 
and connect the other two tags to the circuit board). The 
output of the unit is inadequate to drive most other types of 
headphone or low impedance dynamic earphones properly. 

Noise masking is not a viable way of tackling high noise levels, 
but it seems very effective at rendering unwanted background 
noise innocuous. It also seems to work well with a wide range of 
sounds, including hi-fi systems and burglar alarms. 


component retailers. 
Alternatively, it is not 
difficult to trim an eight- 
pin holder down to size. 
The non- electrolytic 
capacitors will fit neatly 
into this component 
layout provided they are 
miniature printed circuit 
mounting types having 
7.5mm (0.3 inch) lead 
spacing. Fitting other 
types of capacitor into 
this layout would almost 
certainly be problematic. 
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tis a sad fact of life that crime is on the increase, 
in particular theft. The cycle alarm is an elegant 
electronic solution that helps protect your cycle 
from theft. This easily constructed alarm can also 
protect other items that attract casual theft, 
unattended suit-cases for example. 


Worried about having your bike 
stolen? Then Simon Brown’s cycle 


alarm may be the solution to your 
worries. 


The alarm works by recording the position of any item to 
which it is attached and monitoring it for change. Should change 
be detected, then a piezo sounder will omit an ear-piercing 
sound. This principle was designed to protect cycles that are 
often parked in various positions, from horizontal to vertical. The 
position is recorded by the electronic alarm as the normal 
position and then distinguished from any other position that 
would indicate unwanted attention. This is achieved by the use 
of four mercury tilt switches configured into what | believe to be 
a unique electronic solution to movement detection, The four tilt 
switches are mounted at different angles so whatever position 
the cycle is left, some switches will be closed and some will be 
open, or all the switches closed or all the switches open. 

The state of each individual switch is recorded in an electronic 
memory circuit and then constantly monitored for a change of 
state which would indicate that the cycle was receiving unwanted 
attention. Any change of state in the switch pattern will result in 
the alarm being sounded. In this way, the cycle could be parked 
at any desired angle prior to setting the alarm and locking the 
switch pattern into memory. Once the alarm has been set, any 
change in the switch pattern will result in the alarm being 
activated, Setting is achieved by a simple key switch operation 
and a flashing LED indicates that the unit is armed. 


Electronic circuitry 

At the heart of the electronic system is an array of mercury 
tilt switches. These consist of two contacts which are mounted 
in a sealed tube along with a small quantity of mercury. If the 
tube is held vertically, the mercury will run to the bottom and 
bridge the gap between the contacts, thus completing an 
electrical circuit. If the tube is inverted, or even laid horizontally, 
the mercury will run away from the contacts and open the 
electrical circuit. 

To make the alarm sensitive, four of these switches were 
used and mounted at different angles. No matter how the 
bicycle is parked, either all the switches will be open circuit, all 
closed circuit or a mixture of some open circuit and some 
closed circuit. This pattern needs to be memorised when the 
alarm is activated, and then monitored; should it change the 
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alarm needs to be sounded. 

The circuitry is constructed from CMOS logic. CMOS was 
chosen because it works over a very wide range of supply 
voltages and uses zero power when the signal inputs are not 
changing and very little when they are, making it ideal for battery 
operation. The four mercury tilt switches are connected between 
the D input and ground of four D type latches (IC2). The D input 
is also pulled up to Vcc via a 6k8 resistor. In this way, if the switch 
is closed, a logic 0 is presented to the D input and, if the Switch 
is open, a logic 1 is presented to the D input. This logic state is 
stored by the latch when commanded by the (clock) input. 

This input is activated by a transition of a logic 0 changing 
to a logic 1 (pulse). This pulse is generated at switch on by the 
reset generator. 

The reset generator is constructed from two logic gates - a 
single capacitor and a resistor. When the alarm is switched on, 
the capacitor is in a discharged state and soon charges via the 
resistor (electrolytic capacitors are very poor at holding a 
charge in the absence of power). The values shown take about 
one second for the capacitor to charge - the resulting 
waveform can best be described as a ramp. This ramp is 
converted into a pulse and inverted by the first logic gate 
(inverter) and further sharpened by the second logic gate and 
inverted back to the same direction as the ramp only with 
sharp edges. The CMOS inverters will ignore the ramp until it 
reaches half the supply rail and then they will change state very 
quickly. Thus, the reset command is generated about one 
second after the alarm is switched on and the tilt switch states 
are then locked into the D latches. 

The latched logic and the logic produced by the tilt switches 
is then monitored for change in IC3 (magnitude comparator). 
This chip has eight inputs arranged as four A inputs and four B 
inputs. {t can compare them and detect if they are equal or 
not. The chip is designed to compare two four bit binary 
numbers and indicate if A is greater than B, if B is greater than 
A or if they are equal; hence its name, magnitude comparator. 
The A greater than B and B greater than A outputs are not 
used in this design. The A=B output connects pin 3 A=B input 
to A=B output when A=B. This should always be the state if 
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the alarm has been set, the latches loaded with the switch 
pattern and the bicycle not moved. If the bicycle is moved, 
then the switch pattern will change and not equal the pattern 
latched in the D types. A will not equal B on the magnitude 
comparator and a logic O will be presented for our circuit 
configuration i.e. pin 3 at Vcc. This logic is inverted by the 
Logic gate and will turn on the SCR which will sink current and 
develop a potential difference across the sounder. This will 
produce a high pitched 103 dB ( decibels) of sound. 

The SCR was necessary so as to latch the alarm. The 
alternative would have been a switching transistor, but this 
would enable the alarm to be silenced if the cycle was moved 
to such a position that the original switch pattern was restored. 
Once the SCR is switched on by the logic, it will function as a 
transistor and sound the alarm, but it will not switch off, no 
matter what logic state is presented to its gate, even if the 
original switch pattern is restored. D1 is necessary to stop the 
SCR from being activated when the alarm is switched on, 
because the switch pattern is not latched until the reset pulse. 
During this time, the D types are set to random states that may 
or may not match the switches so the alarm would sound until 
C1 charges and latches the switch pattern. D1 stops the input 
to the SCR going to Logic 1 until the reset pulse has occurred, 
This is because it conducts when the reset generator is 
producing a logic 0, and therefore stops the SCR gate going to 
logic 1, when the reset generator is producing a logic 1 (i.e. 
after the latches have been loaded D1 is biased to open circuit). 


ISI1 S1UVd 


C2 delays this pulse because the D latches and the magnitude 
comparator response is not instant. This is called propagation 
delay and is very small and is measured in nanoseconds 


Construction 

The ICs were installed using sockets but this is not necessary. 
The switches are wire-mounted devices that can be bent into 
their final position. It is important that all the positions are 
different to get the best performance out of the alarm - some 
experimenting with the final positions is inevitable. Any flux left 
on the PCB after soldering in the components should be 
cleaned off with flux remover as CMOS logic works at very 
high impedances and can easily be upset by any residue on 
the PCB. The on/off switch was the key operated kind for 
obvious reasons as the alarm would be less than useless if an 
ordinary toggle switch was used, enabling the thief to disarm 
the alarm 


Battery life 

This depends upon a number of things; in particular, how often 
the alarm is sounded and the quality of battery used. If long 
periods of duty are required, use an Alkaline battery. The battery 
life can be extended by omitting the LED. Further battery 
economies can also be made by increasing the value of the tilt 
switch pullup resistors R2, R3,R4, and R7. Values approaching 
100k should still provide a logic 1 when the tilt switch is open 


Case 

The case is down to individual choice. The prototype was 
housed in transparent acrylic tube with a pair of suitable 
engineered end caps. The unit was then fixed to the cycle with 
tie wraps. But there are numerous other solutions. 
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load with an inductive content, e.g. the aforementioned tumble 
dryer, or a washing machine. 

An added benefit is that the three controlling pushbuttons 
are also isolated from the mains, operating at low voltage (12v). 
An advantage is to allow another use in a kitchen where, for 
example, a dishwasher or washing machine is installed next to 
the sink, The IEE Regulations state that it must be impossible 
to both have a hand in the sink area and on a socket outlet at 
the same time. The isolator unit could be mounted under the 
sink with the ring main outlet and a remote control box or panel 
with the pushbuttons and optional countdown LEDs mounted 
in any Convenient position. 

Continuing the theme of isolation, in the quiescent state the 
transformer primary is double-pole isolated from the mains by a 
relay. An alkaline battery is used to provide power for the “ON" 
pushbutton and the relay coil while the transformer is isolated, 
thereby allowing the timing cycle to be initiated. However, a 
double-pole mains-rated (override) pushbutton can also be 
provided on the main unit to short circuit the isolator, thereby 
starting the timer if necessary without the battery. 

This article shows the timed isolator made up as two units, 
the main unit and the remote control. There is no reason why 
these cannot be combined; the LEDs are optional as are the 
“Reset” and “Off” controls. 

Delay is set by a DIL switch on the PCB, in multiples of 15 
minutes or 30 minutes depending on the wiring of the PCB, 
giving maximum delays of 4 or 8 hours. The delay period is 
determined by counting mains cycles and is therefore quite 
accurate and predictable, helping to eliminate the risk of power 


being removed until, for example, the washing machine has 
completed its cycle. 

Changing the delay time means opening the case and 
changing the DIL switch setting to a calculated value or 
consulting a reference table (given later). This feature is quite 
deliberate and improves the tamperproof qualities of the 
system. However, there is no reason why four small toggle 
switches or similar could not be used, if desired. 

The project also presents an opportunity to provide MCB 
(Miniature Circuit Breaker} or better still RCD (Residual Current 
Device) protection to the appliance, more on which later. 


How It Works 

In the quiescent state, relay contacts RLAI isolate the mains 
transformer and the load from the supply. Pressing pushbutton 
PB2 connects battery BI to the relay coil via DS. The relay 
contacts then energise T1 and the load. D5 is included to 
prevent reverse current through B1, a potentially explosive 
situation in the case of an alkaline battery. 

C4 and R13 provide a reset pulse to IG2 and IC5, and a 
preset enable pulse to IC4 to load data from SW1. Mains 
waveform pulses are fed to TRI via potential divider R1, R2 and 
diode D2. TRI is wired as a collector follower with R3, forming a 
high gain amplifier. The effect is to limit both polarity and 
amplitude to within the bounds of the power supply. IC1, Cl, 
and C2 form a l2v regulated supply. 

Pulses from TR1 of either SOHz or 100Hz are counted by 
IC2, The 100Hz frequency is produced by BR1 full wave 
rectifying the 50Hz sinewave from T1. On reaching a count of 
10000, IC2 is reset by the AND-gate network 
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built around IC3. Diode OR-gate D6, D7, R6 is 
necessary as the reset pin is shared by the “on- 
reset” configuration C4, R13. 

This reset pulse on 10000 is also fed to 104, 
which is wired as a down counter. IC4 therefore 
counts down on every 10000 pulses from TRI 
until reaching zero, having been preset to “n” 
(set by SW1) on power-up, At this point R8, C3, 


1-9 


LEDs 


Above: Component overlay LED display 
board 


Left: Main unit internal unit with optional 
contractor 


R7, D9 produces a pulse from the “CARRY-OUT" pin of IC4, 
presetting IC4 to repeat the cycle and clocking IC5. In this way 
IC4 is connected as a modulo-n divider depending on the 
binary number set up on SW1. 

{C5 counts from 0 to 9; outputs 0 to 8 are connected to an 
LED moving-dot display formed from LED1 to LED 9. When 
the “9” output goes high, it takes the clock inhibit pin of IC5 
high to prevent further counting. TR2 has been kept turned 
hard on by the path to ground via R5 and IC5. When IC5 pin 
11 goes high at the count of “9”, TR2 turns off, releasing the 
relay contacts. Power is therefore withdrawn from the circuit. 
As smoothing capacitors C1 and C5 discharge, the fact that 
the clock inhibit pin of IC5 is kept high by the “9” output as the 
supply voltage falls helps prevent any nuisance retriggering of 
the circuit. 

At any time during the counting cycle, pressing PB3 pulls 
the reset/preset line high by shorting C4. The count on all 
chips therefore starts again and a new timing cycle is initiated. 
Pressing PB1 interrupts the ground path from TR2’s base via 
R5, ending circuit operation immediately. R4 is included to stop 
TR2’s base floating. 

TR2 is a small signal, high gain transistor which would not 
normally be used to switch such a large load as RLA1. 
However, it is always hard on or completely off, and therefore 
power dissipation is minimised. D1, D4, and D5 are specified 
as 1N4001 where the current requirement is approaching the 
75mA maximum of the 1N4148. 

B1 should last quite some time as only a brief pulse is 
required on each occasion the unit is activated. An alkaline 
battery is recommended as they tend to be leak-resistant 
and capable of maintaining p.d. and current capability 
for some years. 


Output devices 
The relay used in the prototypes were from Maplin, who state 
the contacts are rated at 5A resistive. Some of this capability is 
used by T1, a very small although inductive load. A 5A limit 
would restrict use of this project to small loads, e.g. my 
computer printer which | have a habit of leaving switched on. A 
number of the electrical accessory manufacturers have made 
available larger relays (contactors) designed to fit into modern 
consumer units. They are available from specialist electrical 
outlets and electrical wholesalers, and are made by such 
names as Mk, Merlin Gerin, Hager, Crabtree, etc. This type 
tends to be DIN-rail mounting, and so to use them you need to 
obtain some DIN rail. RS/Electromail can supply, but it might 
be worth asking your source of contactor if they can supply the 
rail as well, if only to save the postage! Alternatively, some 
contactors made for industrial use are screw mounting, but tend 
to be rather larger and more expensive. The prototype used the 
DIN-rail mount Hager E220 which, with a 20A rating, is perfect 
for controlling large appliances. Figure 2 shows the six 
connections to the Hager device, looking at the front of the unit. 

Industrial contactors may provide more facilities which may 
be of use under special circumstances. For example, normally 
closed contacts would mean the timer could interrupt supply 
for a given period of time. This could be achieved using the 
spare Normally Closed contacts on RLA1, but would mean 
the contactor coil remaining energised for most of the time. 
Auxiliary contact blocks can often also be fitted in 
combinations of Normally Open (N.O.) and Normally 
Closed (N.C.). 

if you use DIN-rail, you have the opportunity to include a 
Minature Circuit Breaker (MCB), which is effectively a very fast 


MAKE SOLID LINK FOR 50Hz, DOTTED LINK FOR 100Hz 


Component layout for main PCB 


overcurrent protection device. The 5916s (16A), 5910s (10A), 
or even 5906s (6A) could be included here depending on your 
application. 

Alternatively, you could install a Residual Current Device 
(RCD), which monitors current flow in both Live and Neutral 
supply lines. A difference (a RESIDUAL of (Live Current - 
Neutral Current) indicates a current to earth, the only other 
path available. A fault condition is likely to exist under these 
circumstances, and therefore the RCD will trip, isolating the 
supply. There are various types, some combining over-current 
with residual current protection, often Known as an “RCBO”. 
These only break the live side of the supply, and therefore do 
not provide full isolation. A double-pole type, with a sensitivity 
of 30mA or better still, 10mA, is recommended. Examples are 
the Mk 6316s and Mk 5716s. My preference for double-pole 
isolation is based upon the possibility that Live and Neutral 
connections can be reversed. This could be due to an error by 
the constructor or whoever installed the house wiring. How 
many of us have checked? 

You are recommended to consult a qualified electrician if 
you have the slightest doubt. 


Construction 

There are two PCBs which are very straightforward to 
construct, following the usual rules of orientation, etc. | tend to 
use PCB connectors (as listed in the Parts List) as they make 
for a very neat job and easy removal of the PCB if necessary. 
However, when constructing the remote PCB, Pl, P2, and P3 
are best connected to pushbuttons directly with flexible wire 
due to lack of space. 

Remember that D1, D4, D5, BR1 and RLA1 require larger 
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holes than most components, as do all of the PCB connectors. 
{t is much easier to drill out an “empty” PCB. 

Start by soldering the IC sockets in place, followed by 
resistors, capacitors (except C1), connectors and then 
semiconductors. Fit C1 and RLAI last as they make the board 
unwieldy if installed at an early stage. 

Don't forget the link from R1 to either T1 or BR1 depending 
on your chosen clock frequency/time delay. There is only one 
other link in the project, connecting to the “south” side of R3. 

Beware of P4 and P11; although they connect together the 
order of connections is mirror image. 

lf you mount the remote PCB ‘in a separate enclosure, use a 
six-pin DIN plug and socket with some six-core “signal” cable 
to make the interconnection. The following table is based upon 
the colours in the Maplin cable as per the components list. 
References for P4 and P11 are counting from 1 to 6, starting 
from the top. 

The DIN socket is not numbered at the back. Pin 6 is the 
centre pin, If you look at the socket with the chassis connection 
nearest, count anticlockwise from bottom right as pin 1. 

The project can be used in a number of different ways so 
the choice of case and final layout will depend on the intended 
use. | have not included a fuse (other than Fl to protect T1 and 
RLA1) as it is anticipated that the unit will be connected to the 
mains supply via a fused plug. If this is not the case, you must 
include a fuse to suit the total load at the mains input. My 
layout is shown in Figure 5, and allows for the optional 
contactor. 

If you follow my example and purchase a 9 x 6 x 3 black 
enamel “Adaptable Box” for the main unit from an electrical 
wholesaler you will find you have a box of remarkable quality 
for a relatively small outlay, Prices vary, so shop around. The 
size | have used is the smallest that is realistically suitable but it 
is not the most common, you will more easily get 9 x 9 x 3 or 
12 x 12 x 3. Note that a larger case will be required if adding 
MCB or RCD protection as described earlier. The boxes are 
steel and highly suitable for mounting in the back of 
cupboards, under workbenches etc. | mounted all of the 
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electronics on the reverse of the lid, bringing only the incoming 
supply through the box itself. This makes it easier to mount the 
box on a wall, but please remember to earth the box and lid. 
Another advantage of this method is that it is a lot easier to 
assemble the project and inter-wire on a fairly flat steel sheet 
than in a box 3” deep! 

The range of adaptable boxes come in galvanised or black 
enamel finishes, the latter being cheaper. They are also 
available “plain” or “knockouts”. | use the knockout type as 
they have 20mm holes available all round, and are the same 
price. When buying your box ask for a Pirelli 251 cable gland, 
or an equivalent “stuffing gland”, and make sure you get a 
locknut or lockring for it. You can then press out one of the 
knockouts using a blunt tool in the centre of the knockout and 
a hammer, install your gland through it, and secure your 
incoming flex cable very neatly. 

The remote unit, if built in the specified case, is an exercise 
in small, neat construction! The PCB as been designed to just 
fit. With the height of the LED's there is no need to secure the 
board in the case. There are knockouts in the side of the case 
where the lid can trap the cable once fitted. Two holes are 
provided in the base for screw fixing, but remember to stick 
some insulating tape or other material over the screw heads to 
prevent a short circuit with the bottom of the PCB. You will 


{Min:Sec) 


(0:15) 


100 (1:40) 


1 (0001) (0:30) 200 (3:20) 
2 (0010) : (0:45) 300 6:00) 
“3 (0011) a - (1:00) 400 iz (6:40) _ 
‘4 (0100) © = 'T Gags ** 600 (6:20) » 
40401). * a ede 1:30) Pst. (10:00) © 
e110). 105 =. (1:45) te anu l@ ‘7 ulcer 
BQ: 120 22 SSSS4: POs sean gs (1329 7S: 
8 (1000) = 136 (2:18) 3 . 900 Fi 
9 (1001) 150 ZOE ecg F#10Q0y 9 x 
40 (1010) © 4447-7 “tian y >: tidd #42 
“14(4011), aerhs: }4e008 ++ 000) 42 - 1200. - 
[12 (110% ‘e4422"- 74+ (6:15) 1300 
3 (1101) x% 5 210" 823 (3:30) 1400 ». 
Listy > en * OBR Sas (3:46). » 1600 ° 
Peiy, °F te ee , eT? (4:00} 1600. 


ELECTRONICS TODAY INTERNATIONAL 
48 


LED count every 


Table 3 
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need to bend the connections to the pushbuttons at right 
angles to the body to make them fit. The location of the 
controls on the lid is only critical in as much as taking care not 
to foul components on the PCB. Figure 4 provides a scale 
template for the relative position of holes for the prototypes. 
Take a photocopy if you want to avoid damaging this 
magazine, but please check it matches with your PCB, etc, 
before using it! It should be possible to replace the "on" and 
“reset” pushbuttons with a subminiature toggle switch, DPDT, 
centre off, momentary action. | have not tested this idea but it 
would save space. 

Pressing the START button PB2 will close the relay 
contacts, energising the load or contactor if used, The first 
LED will light (About the 11 o'clock position with the remote 
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board upright). The LEDs will count anticlockwise, at the end of 
the count the unit and load will turn off. 

Setting the delay depends on the clock frequency chosen at 
time of construction and the number set on DIL switch SW1. 
The table below gives the various combinations. 

Pressing PBI at any time will turn the load and the unit off 
prematurely, Pressing PB3 resets the count for a fresh time 
delay without interrupting the supply to the appliance, 

Note that if you turn the unit off with PBI and wish to turn it 
on again almost immediately, press PB3 (Reset) and then PB2 
(Start) as C3 and C5 take 30 seconds or so to discharge. 

My cat now sleeps soundly in the knowledge he will not 
wake to see the world revolving at an alarming rate on what 
appears to be a very warm day 
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pages packed with over 4000 products. 


> New editions to our computer section 
further extending our range of PC components and 
accessories at unbeatable prices 
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Hameg 30MHz oscilloscope 


P 100’s of new products including; 
Books, Component Packs, Connectors, 
Switches, Test Equipment and Tools. 
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range of mobile phone batteries and accessories 


» Latest PIC Microcontroller IC’s and programmer 
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The developer of this unique 
project, Robin Abbott, looks at 
some other versions of the ETI PIC 
based controller module. These 
offer the user a range of additional 
options which make them ideal for 
specific applications 


his month we will look at the versions of PIC 

Conitroller BASIC which operate on the 16C5x 

series of processors. In the onginal article, it was 

stated that there would be a version of PIC 

Controller BASIC which would operate on the 
16C56. However, it has very little RAM and the extra program 
requirements of the paged memory system used on the 16C5x 
series meant that the version which was eventually produced 
was too limited in Capability for serious use. 

The 16C5/ and 16C58 processors, however, have the 
advantage of 70 bytes of RAM each and 2K of EPROM. This 
means that versions ot PIC Controller BASIC for these 
processors allow extensions to the BASIC language which are 
described in this article. The 16C57 is provided in a 28-pin 
package which supports three I/O ports and so, for the BASIC 
application (which uses 4 bits of port A), there are 16 I/O pins 
and one input for the real time counter. The 16C58 is provided in 
an 18-pin package, ald uses the same circuit and board layout 
as that shown: in last month's article tor the 16C84 device. 

The 16C57 and 16C58 processors are a better processor 
than the 16C84 for the BASIC project in every respect with the 
exception of interrupt support and upgrading. Although it is 
possible to upgrade the 16C84 device to the latest version ot 
PIC Controller BASIC, it is only possible to do this with the ‘57 
and ‘58 versions by using the more expensive erasable 
devices. However, One Time Programmable (OTP) versions ot 
the ‘57 and ‘58 are available at a very reasonable cost. 


Circuit description 
Figure 1 shows the circuit diagram for the 16C5/ version of 
PIC Controller BASIC. The essential circuit is identical to the 


Basic 


icrocontrolier 


18-pin version shown in the October issue of ETI, The serial 
port is a low-cost interface which relies on the voltage on the 
incoming data line to provide the negative supply on the 
outgoing data line. The oscillator can be a crystal or cerarnic 
resonator. I/O on this module type is provided on a 20-way IDC 
connector which allows connection to application circuits 
through 20-way cable. The voltage regulator is optional, the 
circuit will work up to 6V but, it greater voltages than this are to 
be used, then a regulator must be provided. For application 
circuits which will use less than 90mMA then a 78L05 may be 
used; for greater current consumption, use a 78M05 (500mA) 
or /805(1A) device 

IC2 is the EEPROM device; either 24L.C016 or 24LC65 
devices may be used. However, a different prograrn is used in 
the PIC for each device. 

The brown out protection circuit is based around TR1 which 
ensures that the PIC ts reset if the power supply falls below 4V. 
Interestingly, Microchip has recognised that brown out 
protection should be provided on the chip and the latest 
devices (the 16C2X series) all have a brown out protection 
circuit and an enable bit in the configuration fuses. 

The 16C58 version uses the circuit shown in the October 
issue of ET|. However, the component reterences are identical 
to those shown in Fig. 1 and tt is possible to build the circuit 
trom Fig. 1. The /O connector for 18 pin versions of BASIC is 
a 16-pin DIL IC socket. 

Versions of the “5/ and '58 devices are available for 4MHz, 
TOMHz and 2UMHZ clock trequencies. The clock frequency is 
hard programmed in to the code to save on program space. 


Construction and testing 
Construction is straightforward. Use sockets for IC1 and IC2. 
The circuit board overlay is shown in Fig. 2 for the 16C57 
version and the overlay for the 16C58 is shown again in Fig. 3; 
this is the board which was given away with the October issue 
of Ell. The 16C57 version has three wire links. Use thin single 
core hook up wire as the links must not interfere with PL3. 
Insert wire links and IC sockets first, then resistors, Capacitors, 
voltage regulator and transistors. Finally, insert PL1 and PL2. 
Testing is very straightforward. Without IC1 or IC2 in circuit, 
connect the power supply and check that the socket for IC1 


ELECTRONICS TODAY INTERNATIONAL 


+5V +5V 


L>-—1 peo ny 


¢ I) Q201 


SERIAL 
| R205 INTERFACE 


+5 


c201 o- 
PLIO1S roow [* R204 R203 


R2 
22k 7 i 22k 


I) PL3a20 
f > PLa19 
[> PLaie 
{> PLVI7 
{> PLai6 
{> PLAS 
{> PLai4 
{> PLaIs 
LD PLat2 
{> PL 
[_> PL3va 


+5V +6 


Sen. 2k7 


PLidie 
L.——— = 


PIG16C57XT/P 
24LC16 

7805 OR 78L05 
BCSS7 

BCs48 

1N4148 


BROWN 
our 
RESET a 
Y.. 


{> PLa? 
{> PLai6 
{__> PLAS 
L_ > PLal4 
{_ > PLava 
TEV {_> PLave 


top PLA 


GND __/MCLR 


CIRCUIT 


PLato 
PLS!+4 


PLU 


has +5 between pins 2 and 4. Power down, insert 1C1 and IC2 
and connect to the host PC. Start the PICBASDE program and 
check that the mouule is detected. There are a number of test 
programs provided with PICBASDE. Provided that they don’t 
use interrupts, any of these may be downloaded to the module 
to test it. It is recommended that a program which uses no 
external devices is used. 

The use of PICBASDE is fully explained in the November 
issue of ETI. 


Extended BASIC 

The BASIC language provided for the ‘5? and *S8 is extended 
to level 1. This provides new program constructs and various 
curmmands to drive external hardware, 


The new commands and facilities in level 
1 PIC Controller BASIC are as follows: 


@LED driving. A new command provides for the M4540 
device which allows 4 digit, 7 segment LED displays, 
or up to 36 external devices to be driven from 2 output 
pins on the BASIC module. 


@LCD driving. New commands provide a simple 4 bit 
interface to those LCD modules (the majority) which 
use the Hitachi chip set. 


@lnfra red transmission and reception is supported to 
send 8 bit numbers between two PIC BASIC modules, 
which may be separated by up to 10m. 


@A fast data protocol is provided to send information ona 
clocked data line between two PIC BASIC modules. 


@ The width command measures pulse width of either 
polarity on an input pin. 


@The clocks command sends any number of clocks of 
either polarity on an output pin. 


@The wait command pauses program execution for any 
time between 1mS and 308. 


@ Shift left and shift right operators provide fast 
multiplication and division by 2. 


Some of these new commands and constructs are detailed in 
the rest of this article. 


Parameter passing to functions and local 
variables 

The extended RAM which is available in the ‘57 and ‘58 
devices allows PIC Controller BASIC to make use of the stack 
to provide parameters in functions, recursive functions and 
local variables in functions. 

Function parameters allow numbers to be passed to 
functions and subroutines. These are set up in the same way 
as normal functions and subroutines using the TYPESUB and 
TYPEFUNC keywords. For example, the following program 
calculates the Centigrade equivalent of Fahrenheit 
temperatures from 0 to 100 in 10 Fahrenheit steps and puts 
them in the array temps, which can be read in the debugging 
window on the host PC. 


typelunc EFLoc{temp} 


dim temps[11i.8 
fo: i=0 to 100 step 10 
temps [71710! -Peee ft} 
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Local variables are variables which are declared in a function 
or subroutine, They may then only be used in that function. ff 
the sarne variable is declared in the main program and ina 
function or subroutine, then the local variable takes precedence 
in the function or subroutine, but is invisible outside it. Local 
variables may only be of 8 or 16 bits in length and should be 
declared using the DIM statement, Local variables must be 
declared at the top of the function or subroutine. 

For example, the following version of the function ftoc works 
exaclly the same as that shown above, but uses a local 
variable. It is less efficient of RAM usage and is only shown 
here as an example. Local variables do not appear in the 
debugging window. 


The final advantage that local variables and parameter 
passing gives is that recursive functions may be used. To 
consider a typical use for recursive functions, consider the 
factorial function. The factorial of a number X is defined as 
X*(X-1)°(X-2}...(1}. Thus, the factorial of 4 is 4*3*2*1 which is 
24. The alternative definition of factorial of X is to say that 
factorial{1) is 1, and if x is greater than 1 then factorial(x) is 
x"(factorial(x-1)). This latter definition is used in the recursive 
function factorial shown below: 
ialixi 


yrefone further 
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Recursive functions can often be a very neat method of 
calculating results, or performing complex operations. 
However, they consume stack memory very rapidly and a 
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simple test program based on the factorial function shown only 
worked up to factorial(8) (which exceeds the range of 16 bit 
numbers), factorial{9) caused the stack to overwrite the system 
variables and BASIC crashed. 


Device driving commands 

Most of the commands in the following sections allow the user 
to define any pin on the I/O ports of the PIC to be used for 
peripheral device connections. These pins are defined using 
the port definition form. This is the form used for the serout, 
seroutstring and serin commands which were shown in the 
November issue of ET|. Consider the width command. The 
width command looks at the current state of an input pin, 
looks for a pulse of the opposite state and measures its width. 
Thus, if the pin is high, then the width command waits until the 
pin becomes low, then measures the time before it goes high 
again. The width command needs one parameter which is the 
pin on which a pulse is to be measured. The pin is defined as 
the address of the port+16*bit number. Thus, bit number 4 on 
port A is defined as ADDPORTA+16’4. The following example 
program shows how to measure the width of a pulse on port 
B, bit 5; the result can be read in the debugging window, 


mnst porkpein ADLPORTB4 1645 
dim x. 16 
x widthipe 


mor dhe 
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The result returned depends on the processor frequency. 
For example, with a 4MHz clock, the result is in units of 10uS; 
with a 20MHz clock the result will be in units of 2uS. Thus, the 
above program will measure a 1KHz square wave as x=100 


with a 4MHz clock, and x=500 with a 20MHz clock. i 


Next Month... 


Next month we'll take a look at the 16C64 version 
of PIC BASIC, which offers futher extensions to the 
language. 
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Bart Trepak concludes his 
construction of a PIC based 
alarm clock 


s discussed earlier in this series, five switches will 

be required to set our clock (plus the pressure 

mat) and these have been connected as a 6x1 

matrix as shown in Fig 5. During the KEYBD 

routine, the digit drives are switched off and port 
line B6 is redefined as an input while the rest of port B remains 
programmed as outputs. Each output port is then switched 
high in turn using the BSF instruction and the line B6 read 
using the BTFSS instruction. 

The PRESSURE MAT input is a bit of a problem because, 
unlike the other keys, it does not have a momentary action and 
could be on for long periods of time {if you are in bed) and 
especially during periods when the other keys may have to be 
read, You may, for example, want to set the alarm time when 
you are already in bed and the mat “switch” is closed and you 
will almost certainly want to operate the snooze button next 
morning when this is the case. During the time that the other 
keys were being scanned, the output B5 would be at O Volts 
which would have the effect of placing a 1k resistor in parallel 
with the 10k pull down resistor if the mat switch were closed. 
This would prevent the voltage at B6, resulting from a possible 
closure of another switch, from rising above half the supply rail 
which may not be enough to register as a switch closure. The 
solution to this is to programme the line B5 as an input (high 
impedance) during the time when the mat status is not 
required, This means that even if it is closed it will not affect the 
voltage at B6 and will not interfere with the operation of the 
rest of keyboard. Because the reverse would also be true, with 
operation of other switches preventing the mat status to be 
read, the lines BO-B4 will also be defined as inputs during the 
period when the mat switch is read which occurs only during 
the alarm routine. 

The Key scanning flowchart is shown in Fig. 21a and like 
the CONVRT routine it returns with a number in the W register 
which depends on the key pressed. If no key is pressed, the 
routine returns with OOh in the W register. This is written as a 
subroutine called KEYBD in the final programme and is called 
from the main routine after the DISPLY routine. The value 
returned is further processed in the routine marked KEY 
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(FIG.21}, where it is compared with the | KP register (Last Key 
Pressed register defined as 14h) and if it is different, the new 
value is stored in LKP and the programme goes hack to the 
beginning to display digits and continue counting which takes 
10mS and forms the keyboard debounce delay. 

If the key currently pressed matches that already stored in 
the LKP register from the previous scan, bit 0 in a FLAG 
register (defined as 13h and shown in FIG. 21b) is tested and if 
itis clear, it is set to one and the function of the key is 
performed. The next time the subroutine is called, the chances 
are that the same key will still be pressed so that the LKP 
register will match the number returned by the KEYBD routine. 
This time however, bit O of the FLAG register will already be set 
so that the function of the key will be ignored. Only when a COh 
is returned when the key is released will bit O be cleared 
enabling a new function (or the same one) to be performed 
when a key Is pressed 

Each key will therefore operate only the first time that it is 
pressed so that to set 11:15 PM from a display of 12:00 AM, 
the mode button will have to be pressed until the SFT TIME 
made is reached (i.e. colon on but not flashing) and the SET 
HOURS button pressed and released 23 times and the SET 
MINUTES button 15 times, Although this may seem very time- 
consuming, it does not take that long and is perhaps not as 
annoying as the fast set button on some clocks which runs the 
clock at a faster rate. Here the required setting is invariably 
missed and the procedure of going through the whole 24 hour 
sequence has to be repeated. For those interested, the setting 
method could be converted to this by altering the value loaded 
into the HSREG and/or TBREG to make the clock count faster 
and the key processing routine changed to continuously 
increment the hours or minutes as long as the relevant key 
were held down. !t would make an interesting exercise to gain 
experience in programming the PIC micro-controller. 

The function of each key and the order in which they are 
scanned is determined by the programme and this could easily 
be changed to make the controls more (?) logical or easier to 
lay out on the front panel. Here the switches are numbered S1 
to S5 reading from top to bottom of the printed circuit board 
and the functions assigned to them are SNOO7E. ALARM 
ON/OFF, MODE SELECT, SET HOURS and SET MINUTES 
respectively. Initially the programme can be developed with 
only one function implemented, say SET MINUTES to check 
that the KFYBD routine is working correctly before the logic for 
the other switches is worked out. 

The switch functions are perhaps best understood with the 
aid of the flowcharts shown in Fig. 22. The corresponding 
code for this can again be found in the final programme listing 
under labels S1 to S5. The set hours and set minutes (S4 and 
$5) are not shown because they consist simply of calling the 
subroutines INCRH and INCR and since the appropriate 
register for the current mode will already have been loaded into 
the FSR, the correct register for that mode will be incremented. 
The MODE SELECT function (S3} is shown and is basically 
also an increment instruction operating on MDREG, but since 
there are only three modes this register must be reset to zero if 
a count of three is reached so that only modes O, 1 and 2 
(corresponding to RUN, SET ALARM TIME and SET TIME) are 
possible. This could easily be changed so that a fourth. fifth or 
greater mode were possible for setting alternate alarm times or 
switch off times if required. Note that it is most important that 
this register is cleared to zero during the initial power-up 
routine otherwise it could start with an initial value greater than 
three which would be most confusing - not only to the 
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programme but also to the programmer. 

The ALARM ON/OFF switch (S2) should only be allowed to 
operate if the alarm is not already on to prevent the alarm 
being switched off by pressing this once it has sounded. The 
alarm output (PORT B7) cannot be used to check this because 
the alarm may not actually be sounding when the clock is in 
the alarm made as it could have been cancelled temporarily by 
the snooze button or indeed by the occupant getting out of 
bed. Instead, bit 1 of the FLAG register is set when the alarm 
time is reached and this is tested instead. Only if this test is 
passed is the alarm LED (bit 2 in the INDFLG register) toggled. 
The logic tor the SNOOZE switch (S1) is slightly more 
complicated because it is only allowed to operate once after 
the alarm has sounded, Another bit in the FLAG register (bit 2) 
is used to remember if the snooze switch has been pressed by 
setting it if it is. The effect of pressing the SNOOZE button is to 
increase the number stored in the TMTMR register by ten but 
to understand the logic 


instruction. The alarm is then potentially activated only if the 
count remaining in this timer is less than ten minutes, but 
made inactive if it is greater than this which would be the case 
if the SNOOZE button had been pressed. Since only one 
operation of the SNOOZE button is allowed during each alarm 
period, more than ten cannot be added by repeatedly pressing 
this switch. 

Assuming that the time remaining in the TMTMR register is 
less than ten minutes, the alarm would still only be required if 
the occupant were still in bed so the mat switch would need to 
be tested at this point. The alarm would only be cancelled 
when the count in the TMTMR reached zero which would take 
ten minutes so that before this happened, any return to bed 
would immediately restart the alarm. By this time, it is hoped, 
the owner would be well and truly awake. 

Finally, because a pulsed alarm is more effective than a 
continuous tone at waking people from their slurmbers, the 

output is switched on only if the 


behind this it is first 
necessary to consider the 
alarm sounding routine. The 
flowchart for this function is 
shown in Fig. 23. 


$2 (ALARM ON/OFF) 


Don’t be alarmed 
The software development for 
the clock is now nearing its 
end and it only remains to 
design the logic required to 
actually sound the alarm 
when required. This is done 
in the ALRM subroutine, but 
before we develop the 
flowchart, it would be best to 
recap on what Is required. 

The first step to take 
before deciding if the alarm is 
to be sounded is, of course, 
to see if the current time (as 
stored in the HRCTR and 
MINCTR} has reached that 
stored in the alarm time 
registers and, indeed, if the 
alarm has been set in the first 
place. This can be easily 
done using the XOR function 
as discussed before - not 
only on the hours and 
minutes counters but also on the INDFLG register which 
contains AM/PM and alarm ON/OFF information. Because the 
alarm is to be maintained, if necessary, for more than a minute, 
a successful initial comparison should be noted after which the 
registers need no longer be compared. 

Since the alarm is to remain active for ten minutes, a 
separate counter (TMTMR or Ten Minute TiMeR designated 
15h and loaded with .10 when the above registers match) is 
decremented at the same time as the MINCTR is incremented, 
and this is used to time the alarm interval. This has not been 
shown on the flowchart as it belongs more properly to the 
INCR (increment counters) subroutine. The code for this has 
been added to the beginning of the INCR subroutine shown in 
Fig, 24. Operating the SNOOZE switch postpones the alarm 
for a period of ten minutes by adding another ten to the above 
counter when this switch is pressed using the “addwf TMTMR” 


MAKE MDOREG = 0 


GOTO BEGIN 


colon is on resulting in the alarm 
being switched on and off every 
half a second. 

The flowchart for this is shown 
in Fig. 23 and it should now be 
quite easy to code using the 
mnemonics given in Fig, 3. The 
only new technique required is 
how to determine if the contents 
of the TMTMR register are less 
than ten. The simplest way to 
do this Is to load ten into the W 
register and subtract it from 
TMTMR using the “subwf 
TMTMR,w” instruction, having 
first set the carry bit in the 
STATUS register. If TMTMR 
contains a value of ten or less, 
the carry bit in the STATUS 
reqister (bit 0) will be cleared 
indicating that a “borrow” has 
occurred, while, if the value is 
greater it will remain set. 
Although not used here, by 


SET SNOOZE FLAG 
(FLAG2) 


ADD 10 TO TMTMR 


GOTO BEGIN 


Fig. 22 : loading W with the contents of 
ue another register, this technique 


could be used by extension to 
compare two registers to decide 
which of the two was greater or 
smaller or by testing the zero bit 
(bit 2) if they were equal. The SUBWF instruction could 
therefore also be used to test equality instead of the XOR 
instruction used earlier. 
The listing for this part of the programme is shown at the 
label ALRM in Fig. 24 which is the complete listing for the 
alarm clock. Note the additions to the list of “equ” staternents 
at the beginning of the programme and the changes in the 
INILTLSE routine which now contains the initial conditions 
required in all the relevant registers to ensure that at switch on, 
the initial time stored is 12:00 AM with the clock in the RUN 
mode and the alarm time set to 12 00 AM but disabled. 
Because the ALRM routine drives port B7 which has to be 
on continuously while the alarm is to sound, the DISPLY routine 
which also shares the rest of the port B lines must be altered 
to make sure that B7 is not reset when the LED displays are 
switched on and off. In the original listing for this routine (Fig. 


ELECTRONICS TODAY INTERNATIONAL 


aerate 


13) the value returned from the CONVRT routine was simply 
re-written to port B to switch the appropriate display segments 
on. Since bit 7 in the CONVRT table is always Zero as it does 
not drive any segment, it would be reset as soon as the 
DISPLY routine was called. One way around this would be to 
have two look-up tables with one having bit 7 set and the 
other cleared. Then choose which table to use depending on 
whether the alarm was to sound or not. The solution adopted 
here is to “inclusive or” the 
data from the look-up table 
with port B using the 
IORWF PORTB, same 
instruction which loads the 
seven segment data into 
the port while leaving B7 
unchanged, instead of the 
original MOVWEF 
instruction. For this to 
work, however, the other 
bits in port B must first be 
reset; otherwise, data from 
the last digit displayed 
would be mixed with the 
new data. All outputs 
except B7 are therefore 
cleared using an ANDLW 
instruction before the digit 
is displayed which 
accounts for the slightly 
longer DISPLY routine in 
the final version of the 
programme compared with 
that originally shown. 


Around and 
around 


This ends our series as 
far as the “Digital Clock for 
the Unemployed” is 
concerned and it only 
remains to programme a 
chip and plug it into the 
socket on the board to 
complete it. The software 
has been fully described 
and many other techniques 
mentioned so it should be 
an easy matter to modify 
the design to, say, take 
week-ends and even 
public holidays into 
account or to allow two (or 
more?) snooze operations 
before the alarm sounds 
constantly. Many of the 
routines Could be used as 
they are or slightly modified 
for other projects where, 
say, a keyboard and/or a display is required. In some cases, 
even the printed circuit board may remain the same! 

Perhaps the only major instructions listed in Fig. 3 not used 
in this series are. the “Rotate Left Through Carry” and “Rotate 
Right Through Carry" instructions (RLF f,d and RRF f,d). The 
operation of both of these is similar and quite simple to 
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understand although their uses may not be so obvious, The 
RLF f,d instruction, for example, takes the value of the most 
significant bit in the register “f’ and places it into the carry bit in 
the STATUS register while the value of the carry bit is pushed 
into the least significant position and all the other bits are also 
shifted one place to the left. This is shown in Fig. 25, along 
with the corresponding situation for the RRF f,d instruction, 
which depicts the contents of a register before and after these 
instructions have been executed. 
One application of these 
instructions is to shift information 
serially out of an I/O pin in, say, a 
remote control transmitter 
application. After every shift 
operation, the carry bit in the 
STATUS register (bit 0) could be 
tested and the relevant I/O port bit 
set or cleared using the “BSF f,b"” 
or “BCF f,b” as required. A similar 
routine could then read an input 
pin and set or clear the carry bit 
and shift this into a register to 
reproduce the transmitted word at 
the receiver. A separate output on 
the transmitter could be used to 
synchronise the shift operation at 
the receiver to keep the two in 
step or the received signal 
sampled at precise time intervals 
provided that the clocks in the 
transmitter and receiver were 
stable enough for the application. 
This is not the only use of these 
instructions, however. Just as with 
normal decimal numbers, where 
shifting the position of the digits 
one place to the left is equivalent 
of multiplying the number by ten 
while shifting them one place to 
the right effectively divides it by 
ten, with binary numbers the effect 
is similar except that the value is 
not increased or decreased by a 
factor of ten but two. The RLF 
instruction can therefore be used 
as a convenient way to multiply a 
number stored in a register by two 
(provided that the carry bit is first 
cleared) while the RRF can be 
used to divide it by two. Care must 
Y be taken to ensure that the carry 
bit is taken into account if 
necessary. Successive shifts will 
multiply or divide the original 
number by 4 ,8 and so on 
provided an overflow (or underflow) 
does not occur. 


PIC and mix 


This series of articles has only scratched the surface of the 
possibilities opened up by designing with micro-controllers. 
The PIC16C5xX series has many other features which have not 
been used in the clock project but which can be useful in other 
applications. 
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All the devices in the series have, for example, a Watch Dog 
Timer (WDT) which runs independently of the main clock and 
will reset the processor every 18MS or so, This time can be 
extended by assigning the prescaler to the WDT, although not 
if it is already being used by the RTCC register. In use, the 
CLRWDT (Clear Watch Dog Timer) instruction is inserted into 
the programme so that this instruction will normally be 
executed before the WDT times out, ensuring that the 
processor is not reset. If due to noise, or other malfunction, the 
contents of a memory location get corrupted or for some other 
reason the programme crashes, the WDT will time out because 
the CLRWDT instruction will no longer be executed regularly or 
at all and the processor will be reset allowing it to restart the 
programme correctly, By reading certain bits in the STATUS 
register, the programme can differentiate between a reset 
caused by the WDT and the reset which occurs when power is 
first applied. This means that overwriting any previously stored 
conditions by the normal initialisation routine can be avoided. 
This feature is useful in electrically noisy environments such as 
cars or applications where a programme malfunction could 
have bad or even dangerous consequences. 

lf this function is not used, the WDT must be disabled by 
suitably programming the Configuration EPROM. This is not 
part of the main EPROM used for programme storage and 
consists of four bits. Two are used to select the clock type (i.e. 
RC, crystal etc.) one disables the WDT when set to zero while 
the fourth bit, when set to zero, prevents the contents of the 
programme memory being read out in a meaningful way - thus 
preventing someone from copying your design. To help with 
identifying programmed and code protected chips, there is 
also another 16 bit EPROM which can be programmed with a 
user identification code. 

Another useful feature is the ability to put the circuit to sleep 
by executing the SLEEP instruction. This switches off the clock 
and shuts down the circuit so that current consumption falls to 
only a few micro-amps making it very useful in battery powered 
applications and eliminating the need for an on/off switch. In 
this condition, the output pins remain in their previously set 
conditions as inputs or outputs driving high or low and the 
WDT (if it is enabled) Keeps running. The circuit may be 
awakened by a WDT time out or a reset pulse to the MCLR 
pin. Again, bits in the STATUS register can be read to 
determine what caused the device to wake up and the 
programme executed accordingly. This feature can be used in 
remote control transmitters for example where the circuit needs 
to be switched on when a key is pressed and switch off 
automatically when the transmission is finished. 

Perhaps the best thing about the PIC series is the fact that 
the EPROM versions are also available at greatly reduced 
prices in a plastic package without the window. This, of 
course, means that the device can only be programmed once 
(One Time Programmable or OTP) and cannot be erased so it 
is not suitable for developing new programmes but is ideal for 
use in a finished project enabling the EPROM part to be used 
again to develop a new application. The only limitation is that 
the oscillator type is not programmable in the OTP device so 
that the required type must be purchased but even this is 
about to change. 

We should at least mention two other members of the 
PIC16CXX family which share all of the features of the 
PIC16C5X.These include virtually the same instruction set but 
also have more advanced features such as interrupts and a 
deeper stack enabling more subroutines to be nested i.e. 
called from within subroutines. They also have some hardware 


features which will make them useful in more advanced 
applications. 

The first of these is the PIC16C71 which has a built in A/D 
converter and a four way input multiplexer, This could be used, 
for example, to measure and display temperature at four 
different locations. The obvious application which springs to 
mind is to measure and display the house temperature and use 
this to control the heating while the other channels could 
measure the freezer, greenhouse and hot water temperatures 
and sound an alarm if the temperature moves outside the 
preset levels. 

The other device is the PIC16C84 which has an EEPROM 
programme memory instead of the EPROM of the 16C5x 
series. This enables the device to be reprogrammed electrically 
without first erasing it with UV light which can make the whole 
process of developing programmes a tot faster. As well as this, 
the PIC16C84 has a small EEPROM memory which can be 
written to during programme execution. This enables the 
device to retain data even when the circuit is switched off. This 
can be extremely useful in some applications (e.g. milometers, 
digital locks - or keeping a running total of grass cut to date in 
that all-singing, all-dancing lawnmower perhaps?) and removes 
the need for back-up batteries when non-volatile storage of 
data is required. 

Both of these devices are available in 18 pin DIL packages 
and use the same mnemonics (and to a large extent the same 
architecture) as the PIC16C54 micro-controller described 
together with one or two new instructions to support the new 
functions, This makes it very easy to “upgrade” to these or 
convert programmes from one device to another. The 
PICSTART programmer and software can also be used to 
develop programmes and programme these devices, despite 
the fact that they have a 14-bit wide programme memory 
instead of the 12-bit one of the earlier device making the 
PICSTART-16B even better value for money. The down side is, 
of course, that they cost more but still not as much as an 
equivalent CMOS design would cost - even if you could build it. 

The trouble with technology is that it always seems to 
create as many problems as it solves. With all these micro- 
controllers at my disposal, | find that far from not being able to 
get up in the morning, | now cannot get to sleep thinking about 
my next project! The Alarm Clock has fallen into disuse (by me, 
at any rate) and as for watching soap operas, | find myself stil 
looking at a screen all day but the programmes on mine are 
rather different compared to those on the other screen in the 
corner of the lounge. 
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i 


KEYBD inovlw 60h 
ee eek eee READIND ROUTINE* * ** te eR RR RR 
oe tris PORTB 
; make BO-B4 & B? o/pS and B5 & B6 inputs 
moviw 80h 


: ie 1000 000 
andwf PORTB, same 
; clear bits 0-6 BY does not change 


bsf PORTH, 0 
; set BO high 
; nop 
btfsc PORTH, 6 
+. B6 high? 


: btfisc. PORTB, 4 
3° < B6 high? 
: retiw O2h 
; ° 82 pressed 
; bef PORTB,1 
:, no = clear B1 


bsf PORTB, 2 

3; set B2 high 

nop 
- btfsc PORTE, 6 
B6 high? 

retiw 04h 
F 83 pressed 

bef PORTB, 2 
no - cléar BZ 


a 


bsft PORTB, 3 


nop 
4 : bkfis¢e PORTB, 6 
? B6 high? ; ; ; 
retlw 08h 
* S54 pressed 
a < bef PORTE, 3 
; ne - clear .B3 


: ms bsf PORTB,4 
? set: B4 high . 

: nop 

é : : * > btfsc PORTE, 6 

? B6 high? ; 

2 2 ‘ veatiw LOh 
3 $5 pressed : 

bef PORTB,4 

F nd - clear B4 


retiw 00 
} no keys pressed 


AOR TIER IO ROR IRI ITI TOI A I A IOI I OR Io a aE 
KRAKARARRERA RK RAEHKEAR KEKE EKER ERR 


s 
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* LRM - nop- 


: z -int signak,: bs to H,. prescir 256 to RTCC * . # 
Peek ee ee ee eS EAT ABM SUBROUTINES *# #8 het A Renan hoe ® & «® & & 2 Mavdw ¢224 2 - 4: » 4 
te - btfsc* FLAG; 1: ; move 244 decimal into <= > eS Nos 
nod has alarm time Beer reached? ~~ 24 & © 8% & o Rover RTE * * a. 
wis  * gots CHKTMR , ; ¢ © RECC*- ‘gives ett y. a Tee xtal ~ Seow 7 
yes - check if TMTMR is zéro » ; a? ane: 
; mov £ AINDFG, w : 
i no gs 
xorwt INDFLG, Ww LZ * ie 
: compare INDFLG with AINDFG - acels ate 
brfss sTaTUs,;2 : Renee a # 
: goto NOALRM ° - ; 4% 4 & SOE MENCeR 8 8 tS eA 
“not the same - switcH off alarm’ °° > load MINCTR: “vith 408 BEELER LER ETS s : 
an movf *“HRCTR, w ; Ts te 8a 8 GbE | 
- 'xbrwf AHRREG, w (7 $4 eR SRS HOvi- 0 
4 compare hours i ne os fF ae BOS DSwee At 
“btfss STATUS, 2 set AINDFG to’ AM; ¢oidn “off and” 
goto NOALRM ; "3 “2 SS Crt } 
“not the same - no alarm ~~ 7 set MDREG to. 6 fe, z 
move MINCTR, we oe 8 ov! 
vad same ‘ ‘oS GREE? ae 
- a xorwe Aiees, ane lead HSCTR jibe §0, dec Foc 
a compare finites* 77 FRY SP ea tea 8 Wa 
5 5 3S eétag STATUS, 2° : dad TScttR’ with’ 2° (teinge 
Pees ES ‘goto JNOALRM | : eee 8 eww. 
“not fhe samé cs fo” alarm * ‘i clock Funs fast er (change to 
r a # © Howl % ‘ » eee ee “elt 
; sdme - > alarm tinie ° Peers = ee, Ra aaa “;. INDFLG’-* fh, Eolch ‘arid: 
e % ‘ a Wy BOER ee 
_doad Ten minute timer sith 10” ee ee ictrt f 
dace ’ * Bat FLAG, 1 ; is ae . See ge ee 7 
> Set ALARM TIME “flag ges BEGIN a ee ‘movt RICC,w . ys 
3 tee gaz’ btfes, STATUS 2, a 
_, CHKTMR _ bsf, STATUS, 0 ? i test if w bee EME eee eee? gat nie 
set carry bit ek oe a so ers & goto: BEGIN: » - 
5% A moviw. .1Q - ; sw (Rec) nate & # # Ks 
ae check if TMTMR is «Less -then «10 P : a» #9 3 
a » g » & SUbWE STMIMR, Wo a 4 
aa @ i btfse STATUS, 0. cee ‘i “Ee. RTGC#0, «MOVE « @ & owe Kw 4 oe 
ra is.carry bit reset?.ie. result negative : ~ 8 ‘ & a & z ® eet ad & % 
; » . goto: NOALRM » ; cy : 
“no + time » 10 mins - SNOOZE. « ee & eegyee gee ok ; 
movlw 6Bh. * #6 rs * MODE ye Tov £ MORES, nn an 
“+ " yes - snooze is over ~ cHeck mat | a places MOREE: Nate ¥ ae Ss ar 
ie * ris” BORTB ia ‘ ; : *btEse" oere Hy 
oe take ‘BS and BY ofp all others fie See SSF : 5 ne oN 
a ~ ; ust PORTB; -_ sh ohed ne ‘ ea aR 
- # nop = &g ee & bi = i x + % % > $ “ xorlw oth. ” . 
é > eté PORTS, Bf: ae. j 5 inp t- 2xOR, root ° Ww) with 01h | : -_ 
ot test B6 . * , ke . ; bt fs status’ 2. — = Ba 
er} + potoeaane , cake oe ee ; test at wordt: ~ Zz bit will be set he 
‘fiat’ not closed *°ne alarm’ 6 Foe wae eee s eae . : ; 
» bets “INDFLG.O yee nee Boe lane e, fae otha 
: is colon on? ; “ ' ‘goto SETARM o> | 
gate Rohder 2 esapeuretee 74 
“no ~ makes alarm ewttich ve St dict ae Sen e ki, hee ae ol _ 
bsf PORT Z i ads. od movlw aici ox a Fe g. 
+ switch on alarm aii ee £4. ‘ es - ;set, time routine, .4 6 5 sf eH aD 
} ro aa fe ig a se % mowwe PSR San 6 € do & Bw % 
z > eet; pointer: toe time registers * oo. - 7 (#4 
NOALRM x hPa ges eae atin ae Di RE ee 
.? switch off alarm awktehs opicn on . : =. Et YA os . 
: : goto. PROG. er ee 
[ahenereeeennssarececeneentsades hinted! ty SETARM * movil 10h . 
DOO Otter e Lea 2 . a % ee mat alarm wee es a Pa . & RK & 3, 3 xe 
. ce Pe. ot OR g eee HS Pe he La eG REs § IGveE POR. FD: 4 
START Ses 2 SGD 2 6S. ge SS Se a eRe set ‘pointer to: Alarin registers: at : 
ek 2 a ae : (ee £m F , pace Ser ; € 
_ptatee aoe AINITIALISE ROUTINES #044 sa arens erases : + o & Fhe es Yo ESE $ : ¢ : : : 7 
oENTLSE « -  Movbw: OOH: RUN * tie aad + nav? ooh ° ae 
; de 0000 GO. sb HE BOE E- ’ : "RUN ROUTINE - See atts 
sy gris PORTA . - mS et Adie Hf” sg ee hn 
: make PORTA ofp x a von 5 °° Load address bf MINCTR ate | SFSR hu. ie 
z 8 : mows RORTA« ; } : ; bee eo: 
make PORTA, 0000 : 7 ee EW ERSEPES : é adeted isdche, 8 Hebe eae 
a8 “tris, BORTB. = 8 2 Fe 8 Bots RUNEND eg h) eg ab 
i« hac PORTB ip weet B4g 22% 25: if HsCTR not zér6 ‘a6 6 ‘evens :* pw ae t eR 
Wg o 3 @u Bs ‘ - _ : _ : a 2 tea oR B 
a movi 07h reat wae, is ae 
az de 0000 91113. : ; fy if geko + réload ase $0° eke are 7 < . s445 e 
“OPTION ott’ ohh ku m 
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xorwf FINDFLG, same 


; toggle bit 9 (colon): of INDFLG 
decfsz “TBCTR, same 
goto RUNEND i 
1f TBCTR is not zero ; ; 
moaviw.,.129 
: reload TBCTR' with 2 (change ta 320 
movwf .TBCTR ; 
later} if TBCTR=0 
call. INCR 
RUNEND movilw O3h 


i 


, 


movwt ESR 
load address of MINCTR. into .FSR 


call. ALRM 
eal}. DISPLY 


call: KEYBD 
OF “KEY* IN “W 
xorwft LKP, same 
compare returned vale 
‘btfss. STATYS, 2 
with Last Key Pressed register 
goto, NTSAME ? 


RETURNS WITH VALUE 


not the same 


i 


movwft LKP 
Bsame.~ place W into “LKP 


movi .LKP, same 


check if LKP = 0 ie. no key. pressed 
btfss. STATUS, 2 
goto KEY 


key pressed 
bef FbAG,0O 

no key pressed -. clear key: actiéned flag 
goto. BEGIN 


btis¢ FLAG,O 
has key already been actioned? 


goto .BEGIN 
flag,0 set - yes 
bsf.. FLAG; 0 


no - set flag,0.and action 


btfisc* LKP, 6 
goto Si 
S1 pressed 
btise FEAG,1 
is alarm on? 
goto. BEGIN 
yes - no other keys valid 
bt fase, bKP,1 
no - test other. keys 
goto $2 
$2 pressed 
btisc "LKP 2 
goto, $3 
33 pressed 


mov f MDREG , Samé 

btfise STATUS $2 
MDREG=0? ie RUN made 

goto. BEGIN 


yes — do not set. hours /mins 
btfsé LKP,3 
na 
goto S4 
S4 pressed 
goto S5 


$5 pressed 


btfiss FLAG, 4 
is alarm on? 
goto BEGIN 


SNOOZE - - 


no « goto BEGIN 
Btfse FLAG,2 
yes - ig snooze flag clear? 
goto, BEGIN 
no - snooze already operated 
-bsf., FLAG, 2 


; yes > set. eneoze flag 
eae _ moviw .19 ‘i kd 
_ addwt.. IMPMR ng 
ad@ 10. to: alarm*timer ee 
8". » goto BEGIN * 
S2 mov hws 04h 


5 ALARM ON/OFF i 
»#orwf “INDFLC, same . 


3 toggle alarm indicator 
goto. BEGIN 
i . ; 
33 : : inct -MDREG, same 
; MODE* SELECT ue Tx ' 
> moviw 63h > # 
xOrwf? MDREG Wg <2 & 


btf£sc" STATUS, 2 « « # > 
7 MDREG=3,? cane ‘ 
; élrf MDREG 
3 yes .-» @lear “MBREG 


“goto. MODE 
$4 call .INCRH 
i SET. HOURS 

got@ BEGIN 
ss call. INCRM 
; SEY -MINS 

goto: BEGIN 
¢ 
NTSAME movwt “LEP 
} stére “new value, in: LKP 

gobo BEGIN 


- 
iii ee ee ee 
i ee ee 
i 


ORG« LF ih 
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Everybody's talking about the PIC these days - the hottest microcontroller 
on the hobbyist market. It's cheap, robust. easy to interface to the outside 
world, and a breeze to program. Now's your chance to build a kit featuring 
one of these chips. MadLab® at the Edinburgh International Science 
Festival has developed an exciting range of PIC kits which allow you to 
explore the capabilities of this powerful device. 

All MadLab kits include a professional peb and full instructions. 


MAD MUSIC MACHINE £ | 2.00 - our simplest kit and an excellent 
introduction to the PIC, Pre-programmed with 4 tunes (state Scottish, Soaps 
or Kids mixes). You can also play your own tunes over 4 octaves. 
LOTTOMANEA £13.00 - could win you a fortune in the National Lottery. 
And much more. Also simulates the rolling of dice, a | or 2-player reaction 
game, and a tracker game which tests how quick thinking you are. 
RAZZLE DAZZLER £13.50 - a stylish piece of electronic jewellery. 
A ring of superbright LEDs around a circular pcb displays an ever-changing 
pattern of light. Wear it as a badge or pendant and get noticed. 
SPYCATCHER # 14.00 - a sophisticated security alarm with multiple 
sensors, silent mode and security code. The infra-red sensor triggers the 
piezo alarm when a light beam is interrupted. Also includes a magnetic 
switch which can be attached to a door or window. In fact most of the 
features of a professional burglar alarm for a fraction of the cost! 
SPACEFLAG £15.00 - our most advanced kit. When the SpacePlag is 
waved in front of your eyes a scrolling message magically appears in space, 
Any message (up to 24 characters} can easily be programmed using the on- 
board pushbuttons, As featured in New Scientist. 

All kits require a PP3 battery (£1) except the Razzle Dazzler which needs a 
miniature 12V battery (75p). All prices are inclusive, P&P is £1.50 (UK). 
Please make cheques and PO's payable to MadLab Ltd, Send your order to: 
MadLab (Dept. ETI), 149 Rose Street, Edinburgh EH2 4LS 
No callers please. Allow 28 days for delivery. Please send a SAE for further 

details on MadLab kits, including our range of educational electronic kits, 
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Timed isolator 


oe606 
Pre 


Timed isolator 


806060 


Bicycle alarm 
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for the last couple of months, shoppers in 
New York's Union Square have been 
astounded to see completely life-like 
images of products: floating above. the 
pavement infront of Bradiees, a well known 

t store, : 

The technology which produces these 
three-dimensional floating images is causing 
considerable excitement in the 
and entertainment industries, ft was invented 
by Dimensional Media Associates of the US 
and is now being further developed in 
conjunction with CRL of Hayes in Middlesex, 
the former research division of Thorn EMI. 

Surprisingly, the technology is not based 
on holography but on a complex system of 
polarisers, lenses and filters which build up 
the image, focused in free space, from 
multiple image sources, The technique is 
capable of generating true three-dimensional 
volumetric displays that look almost solid. 

The big advantage it has over 
holographic systems lies in the fact that for 
the first time it is possible to generate full 
motion, high resolution images which can 
not only be seen by viewers without the aid 
of special glasses but can also be generated 
virtually in real time. 

It is understood that advertising 
companies are queuing up to buy systems 
as soon as they become commercially 
available. In the meantime the world's 
second demonstration system is being 
installed in London and should be projecting 
three-dimensional images outside the 
Knightsbridge store of Emporio Armani in 
time for Christmas. 

There has been quite a lot of work done 


Next Month... 


~.0n3-D imaging systems, primarily using 
o holograph 
* of this work has been funded by the US 


~ systems has also attracted the interest of 
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y oF flexing/rotating mirrors. Much 


Dept of Defence whose main interest it 
seems is the construction of battlefield 

play systems which will show the exact 
location of aircraft, both friend and foe, 
within the battle zone. However, virtual reality 
systems seem to.have put some of this work 
onto the back burner. 

The development of 3-D imaging 


civilian air traffic controllers for whom it 
would offer an excellent way of looking at, 
and control of, aircraft movements. But 
judging by recent announcements from 
America’s Federal Aviation Authority, the 
whole concept of air traffic control is about 
to change, thanks to another bit of military 
technology - the satellite-based global 
positioning system (GPS). 

It is being proposed that all aircraft are 
fitted with GPS systems which can accurately 
determine the aircraft's position and height 
to within a few metres. This data would then 
be relayed by satellite to a system of ground- 
based computers that would maintain a 
safety zone around each aircraft and 
automatically order a shift in course if the 
safety zones of two aircraft overlapped. 

This essentially means the end of the 
human air traffic controller, but because 
there is no longer any need to stick to 
predefined air corridors it should be possible 
to increase considerably the number of 
aircraft in the air at any one time and 
theoretically improve punctuality with flights 
being up to 20% shorter. 

In Britain, the CAA are also examining this 
so-called ‘free flight’ technology but, 
understandably, severe reservations are 
being expressed by both existing air traffic 
controllers and by many pilots. The pilots are 
particularly concerned about how failsafe the 
system actually is, a legitimate concem since 
there will be no human backup. 


In the January 1996 issue of Electronics Today International we will be continuing our 
premier autumn project, the ET| Basic programmable micro controller. 

Dr Pei An shows how to build a heartbeat monitor and, from Terry Balbirnie, there is 
an electronic guard dog project which will bark at any unwelcome visitors. Meanwhile, 
if you blow a fuse and are plunged into the dark Bob Noye’s torch pad will allow you to 
find the torch that will help you mend the fuse. There is a 16-channel MIDI-controlled 
audio mixer project from Tom Scarff and Bart Trepak concludes his practical look at 
designing a project around the PIC micro controller. 

The main feature article will be looking at the Ulysses solar mission and we will also 
be reviewing some more PC software of interest to readers. 
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With over 14.000 products 
the new Maplin Catalogue 
Is now bigger than ever 


4 ™ 
Waa . x 


THE EIFFEL TOWER THE NEW MAPLIN CATALOGUE 
Built in 1889 by Alexandre Gustave Eiffel, Built for 1996 by Maplin, the new catalogue is 
the Eiffel Tower is 984 feet high and almost 1,200 pages long and gives an unrivalled 
gives an unrivalled view of the view of the whole world of electronics. 
whole of Paris. Now Only £2.95 


COMPREHENSIVE RANGES OF Weller Temperature Controlled RANGE OF SATELLITE RECEIVERS 
TEST EQUIPMENT Soldering Iron £44.07 ee AND ACCESSORIES 
= Jee is | | : 

COMPLETE RANGE OF PCB 20MH Rarteccens wilt —= OVER 60 PAGES OF TOOLS AND > : 
MAKING EQUIPMENT FunctioH Generator £349.99 | SOLDERING ACCESSORIES e ie 


JUST LOOK AT THESE SUPERB EXAMPLES! 


’ ‘Video a OVER 300 KITS FOR YOU TO BUILD MM 0 CO ‘BIG NAME’ HI-FI SEPARATES AND 
[el ce, FROM £5 TO £599 £389.95 


ACCESSORIES 


Short: 3 : 
DEVICES AND ALARMS Kit eo.s0§ F * BS OEE OTS [Processor £229.99 


Or order direct NOW on 01702 554161 


Catalogue Mail order Price £3.45 (inc p&p). Prices refer to the 1996 Maplin Catalogue and are inclusive of VAT. 
All items are subject to availability. E&OE. Maplin Electronics, PO. Box 3, Rayleigh, Essex, England SS6 8LR. 


